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ABSTRACT 
 
The aim of the study was to explore, describe and compare the impact of a 12-week intervention 
on selected physical fitness variables in sub-elite  martial artists. The experimental group (expG) 
participated in a combination of alternating dojo and gymnasium-based resistance training, each 
bi-weekly, with the comparison group (comG) exclusively undergoing four conventional dojo 
training sessions weekly. The variables measured included; anthropometric measures (height, 
body mass and percentage body fat); functional core muscular endurance; hamstring flexibility; 
upper body muscular strength and endurance; lower body muscle strength; and static balance. 
A quasi-experimental research design was employed, with pre - and post - test assessments after 
a 12 week intervention period. Purposive and snowball sampling techniques were employed 
from existing dojo’s in Port Elizabeth, with a randomised allocation of participants into two 
groups. The gymnasium-based training programme was designed according to the national 
conditioning and strength association (NCSA) principles of resistance training. The identified 
variables were tested at a 95% level of probability (p < 0.05). Similar trends in performance 
improvement were evident for both the expG and compG in of the majority of the selected 
physical fitness variables. One-way, two-sample and independent t-tests analysis found no 
statistical significant intra- group or inter-group differences in any of the selected dependant 
variables for both groups. Thus, the supplemental resistance training programme was not 
superior to that of the conventional dojo training programme in improving aforementioned 
variables. Despite the lack of statistical significance, these results indicate that a structured and 
supervised resistance training programme in a gymnasium may serve as an alternative method of 
intervention for improving physical fitness in sub-elite mixed martial artists.  The resistance 
training programme should be specifically adapted according to the individual practitioner’s 
strengths and weaknesses, as well as to the type of martial art being practised. 
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CHAPTER ONE: INTRODUCTION 
 
1.1 Introduction 
Martial arts may be defined as any of the several forms of combat and self-defence, widely 
practised as a sport and form of exercise. While the origins of martial arts are subject to 
controversy, it is generally agreed that they can be traced back thousands of years (Brudnak, 
Dundero and Van Hecke, 2002). Karate is one of the most popular forms of martial arts, 
practised in East Asia, Japan and, indeed, worldwide. According to Chananine (1999), karate has 
its origins in the island of Okinawa, situated in Japan, accompanied by the majority of the martial 
arts practiced throughout the world. Okinawa was occupied by the Chinese, and later by the 
Japanese. Both of these occupiers forbade the citizens of Okinawa from carrying weapons and 
firearms. This legislative rule led to the Okinawan people secretly learning man-to-man combat, 
with an open or empty hand, with this covert exercise instigating the foundation and 
development of karate and other martial art forms. 
Chananine (1999) continues by averring that the term ‘karate’ translates to “Empty Hand” in 
English, with this definition generally accepted. He elaborates further, describing karate as a 
martial art utilising weaponless techniques, like punching and kicking, to overcome an opponent. 
Similarly, most martial arts currently practiced, involve the body and its components being 
manipulated and utilised as a weapon. Originally, fighters/warriors wore a uniform known as a 
Gi, with a ‘belt’ indicating their rank and skill level. Together with karate, a multitude of diverse 
martial arts forms have garnered interest and established a following in recent years. These 
include judo; taekwondo; tai chi; kung-fu and jiu-jitsu; capoeira; soo bhak do; kick-boxing; and 
mixed martial arts.  
Martial arts require athletes and practitioners to be in superb physical condition. Some, for 
instance judo, wrestling and Brazilian jiu jitsu, involve several grappling skills - including 
various throws; foot sweeps; clenching and off-balancing techniques; joint locks; choke holds; 
and ground grappling techniques, while others, as taekwondo, karate, boxing, muay thai, 
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capoeira and kick-boxing require accuracy and precision, striking opponents with punches and 
kicks to particular, specific areas of the body (Bounty, Campbell, Galvan, Cooke and Antonio, 
2011). More recently, a practice of combining various elements has evolved and developed, into 
a combat sport, called mixed martial arts. This is gaining in popularity and requires expertise in 
the striking, grappling and throwing components. However, consistent with the majority of 
martial art forms currently practiced, strength and conditioning routines remain predominantly 
based on traditional and anecdotal evidence (Lenetsky and Harris, 2012). 
 
1.2 Contextualisation 
Martial artists performing at an elite and sub–elite level, who regularly compete, are categorised 
into weight classes, with the intent of promoting fair competition, matching opponents of equal 
stature and body mass (Langan-Evans, Close and Morton, 2011). Many athletes aim to compete 
at the lightest weight possible, believing this will supply an advantage over the opponent. Jones 
and Ledford (2012) assert that martial artists should maintain a low percentage of body fat, to 
ensure that they are not forced to compete in an unnecessarily heavy weight class. This assertion 
underscores the recognition and significance of the impact of body composition and body mass, 
as essential fitness components, on the performance level of the martial artist. 
This strongly preferred tendency for martial artists to possess a low percentage of body fat is 
conceived as being, and appears to be, advantageous during training and competition bouts, 
which are performed at high intensity. This characteristic is often seen amongst practitioners at 
an elite and sub-elite level, and additionally allows martial artists to effectively perform exercises 
at high intensity, due to an improved metabolic efficiency. Metabolic fitness is an important 
component of conditioning, as martial artists who are metabolically fit, have the potential to 
endure competitive bouts, allowing them to triumph and overcome opponents without fatigue 
(Franchini, 2005). 
Martial artists need not only to be efficient, metabolically, but should also possess excellent 
flexibility. The positions required in performing and executing martial arts are seemingly 
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awkward and necessitate a fair amount of both static and dynamic flexibility, in order to obtain 
successful accomplishment and prevent injury. Ledford and Jones (2012) contend that the 
principal areas of concern, relative to flexibility, are the hamstrings, hips, lower back, and 
shoulders. These commentators expand, alleging that too much flexibility in certain muscle 
groups around a joint may predispose the martial artist to injury. Hendrik (2012:253), in Coburn 
and Malek (2012:253), refers to the aforementioned as ‘hyperlaxity’ in joint and tissue 
structures, where the normal range of motion is exceeded, cautioning to avoid overstretching and 
creating further levels of laxity in the surrounding supportive tissues. Consequently, it is 
considered essential to include functional flexibility training for all major joints, within their 
limitations, to prevent hyperlaxity of the involved structures. 
The awkward positions performed during the practice of martial arts places a high demand on 
muscular strength and endurance required from the lumbar-pelvic-hip stabilising musculature. 
Jones and Ledford (2012) stress that the possession of strong lumbar-pelvic-hip stabilisation 
musculature is advantageous and imperative in martial artists. The authors contend that acquiring 
powerful hip, trunk and shoulder musculature promotes success in efficaciously accomplishing a 
number of the activities involved in martial arts. These include when taking an opponent down; 
performing a reversal or escape when opponents are grappling on the ground; securing 
submissions; and throwing devastating punches or executing athletic kicks (Bounty, Campbell, 
Galvan, Cooke and Antonio, 2011). 
Van den Heuvel Yang, Messey, Peterson and Mamula (2012) support that, relative to athletic 
performance for martial artists, the development of strength and power are both critical variables, 
de rigueur when outplaying opponents. Athletic success in martial arts requires the application of 
muscular strength and power, for take-downs and escapes, in conjunction with static strength, for 
gripping, holding and applying submission techniques. Buse and Santana (2008) maintain that 
strength training should be accomplished in a manner that ensures that excessive muscular 
hypertrophy is limited, as martial artist are placed in weight categories for competition and 
building excessive muscle mass would be unfavourable. Dynamic strength is often demonstrated 
by a martial artist when thrusting forward with the lower body to surprise an opponent with an 
attack technique, for instance a forceful rear hand punch or a snapping front kick. Other 
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examples demonstrating dynamic strength include quickly reacting with speed and avoiding an 
attack; moving to the left or right side of the opponent; redistribution of body mass and position 
and then swiftly moving towards the opponent with a counter-attacking strike (Thoburn, 2002). 
Bounty et al (2011) suggest that an area, currently overlooked or ignored in strength and 
conditioning training programmes for martial artists, is isometric strength development of the 
upper extremities, the trunk and lower body, especially as the motions involved in the technique 
of grappling involve pulling or squeezing, as opposed to pushing movements. However, 
contrastingly, striking forms of martial arts, like karate, kick boxing and taekwondo, involve 
pushing or reaching actions, rather than pulling or squeezing motions. In grappling or wrestling 
situations, a fighter often has to isometrically contract the trunk, head, or limb to take down, 
control, or gain submission from an opponent. In contrast, a karateka; taekwondoist; judoka; and 
kick boxer isometrically assumes a body position to execute effective punches, strikes, sweeps 
and kicks to strike the opponent down (Buse and Santana, 2008). 
Therefore, isometric holds using medicine balls, heavy punching bags, and sand bags may 
simulate the demands of either isometrically controlling an opponent or be employed as an aid 
for resistance, to develop stability or strength to supplement and reinforce the execution of 
striking and forceful blows. Coburn and Malek (2012) advocate that the martial artist perform 
short duration maximal isometric holds to simulate a real-life combat situation, to obtain optimal 
specific strength gains.  
Closely allied to static lower body muscular strength is static balance, which plays a pivotal role 
in the successful performance of techniques for martial artists. Static balance refers to the ability 
to maintain equilibrium and hold a specific position without moving (Coburn and Malek, 2012). 
Martial artists require a high level of static balance to enable them to perform a lunge, a forward 
movement involving a forceful kick, while stabilising on the alternative leg and demonstrate a 
front or rear hand punch.  
Traditional martial arts training involves performance requirements of kata (form work) and 
sparring. Basic technique, such as punching, kicking, blocking and striking, are practised, either 
in a stationary position or with body movements in various formal stances. The execution of the 
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movements involved in the kata is performed in a systematic, structured way and practised in 
prescribed stances, in various directions and often at different tempos. Sparring - also termed 
kumite, involves the execution of offensive and defensive techniques, while freely moving 
against an opponent (Imamura, Yoshimura, Uchida, Nishimura & Nakazawa, 1998). 
Many styles and forms of martial arts have evolved over time, and are practised for defensive 
purposes, as a form of exercise or competitive sport (Whiffen, 2008). Martial arts can be 
classified as either hard or soft. Hard depicts the form of martial arts that demonstrates rigid 
stances and powerful strikes, incorporating the technique of meeting hostility with speed, power 
and a pro-active approach. Conversely, the soft form of martial arts, for instance tai chi; soo bhak 
do; jiu jitsu; capoeira; judo; and aikido, comprise a system of slow, meditative physical exercises 
designed for relaxation, balance and health purposes, best known for yielding, evasive and 
flowing techniques (O’Donovan, Cheung, Catley, McGregor and Strutton, 2006).  
O’Donovan et al (2006) maintain that martial artists have been using gymnasium-based 
resistance training to decrease percentage body fat and improve muscular strength and 
endurance, static balance and hamstring flexibility. However, Baechle and Earle (2004) 
recommend that the improvements made in these fitness parameters should be scientifically 
designed, implemented and conducted in a correct, effective and purposeful manner; 
emphasising the three general training principles of specificity, overload and progression, as 
there is definitely a requisite for scientifically sound training methods that are current and 
functional, especially regarding preparing lumbar-hip stabilisation. 
An example of specificity of training a martial artist has been provided by Turner, Baker and 
Miller (2011), whereby increasing the striking force of the rear hand punch could be 
accomplished by initiating movement from the feet, employing a front foot lift and rear leg drive. 
Furthermore, the authors identified several other variables that may contribute to an increase in 
the impact force of the strike, including landing with a rigid front leg to increase breaking and 
transmission forces; an increase in the stretch-shortening cycle within the trunk musculature; and 
an increase in the velocity of the punch and effective mass. These authors expand, asserting that 
specific resistance exercises, for example squats; dead lifts; the clean and press; and plyometric 
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exercises, such as box jumps, are effective in developing an increased rear leg drive, 
consequently increasing the force of the rear hand punch. They allege that the delivery time for a 
punch is 0.3 seconds. Plyometric training, to increase the rate of force production, is considered 
fundamental in the training repertoire of martial artists. Corbin, Corbin, Welk and Welk (2006) 
describe plyometric training as a type of training technique, used to specially develop explosive 
power for the movements required in competition. The mechanisms of plyometric training 
consist of isotonic-concentric muscle contractions, performed after a pre-stretch or eccentric 
contraction of a muscle (Corbin et al 2006).  
Bounty et al (2011) contend that there is limited peer-reviewed research examining optimal 
training methods and scientifically designed programmes for mixed martial arts. Jones and 
Ledford (2012) echo the lack of evidence in literature, pertaining to designing specific training 
programmes for martial arts, including such as Brazilian jiu jitsu. Martial artists, like mixed 
martial artists and Brazilian jiu jitsu practitioners, often utilise training methods and programmes 
designed by different martial art forms, which employ similar techniques or are comparable in 
nature. Jones and Ledford (2012) suggest that studies conducted on wrestling and judo may be 
extrapolated to Brazilian jiu jitsu and may be utilised to enhance Brazilian jiu jitsu practitioners’ 
performance. Martial artists often engage in, and perform, gymnasium-based resistance training 
programmes, which have not been scientifically designed, are not truly functional nor tailored to 
their specific style, art and specific performance requirements. This underscores the requirement 
and necessity for a thorough needs analysis, with the requisite responsibility of an instructor 
being to design and implement a training programme, based on scientific evidence, for the 
particular martial art being practiced.  
This study focused on sub-elite martial artists and determined, as supplementary to conventional 
dojo training, the effects of an additional gymnasium-based resistance training programme on 
selected physical fitness components. The rationale for conducting this study is based on the lack 
of scientific evidence in the specificity of supplementary gymnasium–based resistance training 
for martial artists, as opposed to solely undergoing dojo training. 
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1.3 Problem Statement 
A review of literature indicates a need for further research, concerning sub-elite martial arts 
being practiced as a competitive sport. Based on the apparent deficit of research evidence in 
available literature, the assumption is made that conventional training regimes and testing 
procedures designed for enhancing performance in martial artists, are neither specific to nor 
functional in optimising performance. A study conducted by Turner (2009) on the impact of a 
gymnasium-based resistance training programme in muay thai practitioners found that they tend 
to use more common and traditional approaches of training to enhance their physical fitness.  
Martial artists are reluctant to engage in regular strength training, due to trepidation, originating 
from illusions and myths regarding gymnasium-based resistance training, that this may cause a 
loss of flexibility and a gain in body mass. It was necessary to surmount the misconceptions, 
complications and barriers formed through this misinformed belief system, among competitive 
martial artists aiming to compete at the lowest possible weight, in order to fight opponents of 
lower mass (Turner, 2009). 
Insights gained through this research could be valuable for martial arts instructors, being utilised 
to optimise performance, by supplementing traditional dojo training methods with functional 
gymnasium-based resistance training programmes, among sub-elite practitioners. The rationale 
for conducting this study is, thus, based on the lack of scientific evidence, especially in martial 
arts, as the majority of gymnasium training is predominantly directed towards general fitness 
training, with very little focus placed on simulating the specific movement patterns and 
sequencing of the various related formwork. 
 
1.4 The Aim of the Study 
The aim of the study is to determine the comparative effects of a 12-week gymnasium-based 
resistance training programme on specific, selected physical fitness components of sub-elite 
martial artists. The experimental group underwent a combination of bi-weekly conventional dojo 
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training, supplemented by bi-weekly gymnasium-based resistance training, with the comparison 
group utilising conventional dojo training sessions exclusively, four times a week.  
 
1.5 Research Questions 
The two research questions guiding the investigative process were: 
1.5.1 Research Question One 
Would a 12 week gymnasium-based resistance training programme, augmenting a conventional 
dojo training programme, have an effect on selected physical fitness variables in sub-elite martial 
artists? 
1.5.2 Research Question Two 
Would the physical response in martial artists who have participated in both dojo training and 
supplementary resistance training be any different to that of those who participated exclusively 
in dojo training? 
 
1.6 Research Objectives  
In order to achieve the targeted information, the following research objectives were set, for both 
the experimental and comparison groups - to measure and compare the dependant variables 
before and after a 12 week intervention programme: 
1.6.1 anthropometrical measures of height, body mass, and percentage of body fat; 
1.6.2 functional core muscular endurance,  
1.6.3 hamstring flexibility; 
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1.6.4 lower body muscular strength; 
1.6.5 upper body muscular strength and endurance; and 
1.6.6 static balance. 
 
1.7 Research Design and Methodology 
A quasi-experimental research design was employed as a blueprint for gathering data (de Vos, 
Strydom, Fouchѐ and Delport, 2009). De Vos et al (2009) contend that the rationale behind this 
approach lies in employing a two group comparison pre-test and post-test design. Participants, 
ranging between the ages of 18 and 35 years, actively practicing martial arts, were recruited for 
the study, on a voluntary basis. Purposive sampling, including a combination of target and 
snowball sampling techniques, was used to identify and obtain participants. The experimental 
group consisted of 11 sub-elite martial artists, who engaged in a bi-weekly gymnasium-based 
resistance training programme, over a 12-week period, supplementing two martial arts training 
sessions, on alternative days to the gymnasium-based resistance training. Contrastingly, the 
comparison group consisted of 12 martial artists performing four martial art training sessions per 
week. Both groups underwent training sessions of equal duration throughout the intervention 
period. 
The relatively small sample population size influenced the type of statistical method best suited 
to determining the comparative effect of the resistance training programme. The most apposite 
for this particular study, as advised by a qualified statistician, was a quasi-experimental research 
design being implemented for gathering data (De Vos, Strydom, Fouchѐ & Delport, 2009). One- 
and two-way sampling and independent t-test analysis was undertaken to determine whether any 
differences in the selected variables existed between the experimental and comparison groups 
(Babbie, 2007). The variables within the study were tested at a significance level of 95% 
probability. 
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1.9 Delimitations 
Babbie (2007) defines delimitations as choices made by the researcher, which describe the 
boundaries set for the study. This includes aspects of study, including literature not applicable for 
reviewing purposes; the population not researched; and the methodological procedures not 
implemented. 
This study has been delimitated to a population which comprised all male, sub-elite martial 
artists, ranging between 18 and 35 years of age. Exclusions were made to other groups, for 
reasons cited below: 
• Elite martial artists were not chosen for this particular study, as many of them were following 
a specific training regimen, over a set time-frame. 
• A controversy exists as to whether resistance training performed during childhood could have 
possible negative effects, potentially stunting growth (Mcardle, 2006). However, recent 
evidence indicates that children performing resistance training, based on scientific and well-
developed training methods and under the supervision of a qualified professional, may 
enhance fitness, with this leading to favourable health benefits (Faigenbaum and Myer, 
2010). Due to uncertainty and safety concerns, relative to the effects of resistance training on 
children, in addition to legal complications, the researcher excluded children from this study. 
There is much historical and current literature pertaining to martial arts, covering an extensive 
time-frame; however, based on recent studies, there has been insufficient documented research, 
pertaining to, and describing, the impact of specific gymnasium-based resistance training on 
martial artists (Turner, 2009). This resulted in certain out-dated sources of research being utilised 
as a guide when formulating the literature review for this study. This circumstance was 
exacerbated by much of the literature, apropos gymnasium-based resistance training augmenting 
traditional martial artists’ regimes, being difficult to source, as numerous articles were published 
in foreign languages. 
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1.10 Operationalisation of Key Concepts 
In order to allow adequate conceptualisation of the study, the following concepts are clarified: 
• Functional core muscular endurance - mainly depicts and describes the muscles and muscle 
control required around the lumbar-pelvic hip region, used to maintain and improve 
functional stability (Kibler, Press and Sciascai, 2006). The core serves as the centre of the 
functional kinetic chain responsible for stabilising the body and spine, with and without limb 
movement. For the purpose of this study, the aforementioned terms will be used 
synonymously. 
• Dojo - A dojo is the equivalent of gymnasium studio, exercise training facility, which purely 
emphasises the use of training equipment and methods based on martial arts (Thoburn, 
2002). 
• Martial arts - martial arts is a general term that incorporates many forms and styles, and may 
be delineated as either hard, soft or incorporate a mixture of both hard and soft styles. The 
multiple forms encompassed under this term, include kung fu; wing chun; aikido; tai chi; jiu 
jitsu; fencing; judo; soo bhak do; capoeira; taekwondo; karate; muay thai; and kick boxing 
(Cochrane, 2001). 
• Gymnasium-based resistance training programme (Intervention) - for the purpose of this 
study, the intervention will refer to the 12-week gymnasium-based resistance training 
programme, undergone by the experimental group. 
• Sub-elite martial artists- A martial artist that compete or who are training and aspiring to 
compete at an elite level and compete in international events. 
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1.9 Summary 
The purpose of this study was to investigate the comparative effects of a 12-week gymnasium-
based resistance training programme, supplemental to a traditional martial arts training regimen, 
versus exclusively training through a dojo, on selected physical fitness components among sub-
elite martial artists, in order to establish a further understanding of the effects. The study 
highlights insights gained, in terms of the potential, possible effects that could be expected, after 
the implementation of a scientific and specifically designed gymnasium-based resistance training 
programme. This would promote the potential benefits to martial artists, who seek to improve 
their physical performance in practicing martial arts training. The findings of this study may 
contribute towards a more specific training programme for sub-elite martial arts trainers. The 
study was based in Port Elizabeth and targeted volunteer males, between the ages of 18 and 35 
years, resident in Port Elizabeth. 
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CHAPTER 2: LITERATURE OVERVIEW 
 
2.1 Introduction 
This chapter provides an overview of martial arts and training, relative to the effect of scientific 
principles applied through gymnasium-based resistance training, which may impact 
performance; through possible changes in physical fitness components, such as body 
composition; flexibility; lumbar-hip pelvic stabilisation; muscular strength and endurance; and 
static balance. 
 
2.2 Martial Arts 
Douris, Chinan, Gomez, Aw, Steffens and Weiss (2005) define martial arts as a general term, 
encompassing many forms and styles. 
2.2.1 Classification of Martial Arts 
Martial arts are classified according to the type, and manner of their execution, of the various 
techniques and movements (O’Donovan, Cheung, Catley, McGregor and Strutton, 2006). The 
terms hard and soft technique(s) denote how forcefully a defender (martial artist) counters the 
force of an attack, in armed and unarmed combat; where a hard technique meets force with force, 
either with a head-on force-blocking technique, or by diagonally cutting the strike with force.  
An example would involve a defender using the attacker's force and momentum against him or 
her. In contrast, the soft technique is employed by turning the attacker’s force to his or her 
disadvantage, with the defender exerting minimal force (Douris et al 2005). The soft technique 
requires the defender to use the attacker’s force and momentum against him or her, by leading 
the attack in a direction where the defender will be advantageously positioned, with the attacker 
off balance. 
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Each style and martial art has its own specific requirements, relative to the techniques 
emphasised during practice, as well as the muscles that are thereby strengthened and utilised 
(Lundt, 2010). Grapplers, classified among soft form of martial arts, tend to be positioned mostly 
on the floor and emphasise rolling techniques, combined with grabs and holds, mimicking guard 
and preventive take down positions (Costa, Medeiros and Fukuda, 2011). However, a martial 
artist, such as a karateka or a taekwondo martial artist, will emphasise striking type of blows, 
using the legs and arms, either singularly or in combinations, in a stance position (Lundt, 2010). 
In contrast, mixed martial art is complex in nature, as it combines the techniques of boxing, 
muay thai, together with various grappling disciplines, for instance Greco-Roman wrestling and 
Brazilian jiu-jitsu (Bounty & Campbell, 2011). 
The hard or soft forms of martial arts are, additionally, categorised by the type of movement they 
apply. Soft-style forms of martial arts apply movements that are flowing, in contrast to hard 
styles, which are more rigid and execute sudden offensive movements, such as the half 
roundhouse kick performed by a kick boxer, in attempt to knock his opponent out, after avoiding 
a rapid attack. The various forms of martial arts that can be categorised as either hard or soft are 
further explained in Table 2.1 (Douris et al., 2005). 
 
Table 2.1: Categories of Martial Arts 
Soft Martial Arts Forms Hard Martial Arts Forms 
Kung Fu Taekwondo 
Wing Chun Karate 
Aikido Muay Thai 
Tai Chi Kick Boxing 
Jiu Jitsu  
Fencing  
Judo  
Soo Bhak Do  
Capoeira  
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2.2.2 The Nature of Martial Arts 
Certain martial arts, such as karate; muay thai; kick boxing; and taekwondo, emphasise striking 
with the feet and hands. However, other disciplines, such as tai chi; kung fu; judo; jiu jitsu; 
aikido; wing chun; soo bhak do; and capoeira, accentuate grappling, joint locks, and throwing 
techniques. Recently, the development of mixed martial arts has given rise to modern styles, 
which blend the techniques of the majority of the forms previously mentioned. Mixed martial 
arts have become increasingly popular, as in the style of tai chi, which involves flowing 
movements; becoming renowned for its physical and therapeutic benefits, especially in the 
elderly (Woodward, 2009). Douris et al (2005) maintain that there are numerous physical 
benefits one can attain from practising martial arts. Martial arts, in the form of karate, have been 
shown to be an adequate and functional stimulus for improving aerobic power, strength and 
flexibility. These authors cite long-term studies on elderly tai chi practitioners, as compared with 
sedentary controls, which have demonstrated the effectiveness of tai chi in improving cardio-
respiratory function; flexibility; balance; muscle strength; and endurance, concomitantly 
decreasing the percentage of body fat. 
2.2.2.1 Associated Fitness Components and Physical Requirements of Martial Artists 
The predominant fitness components that are essential to ensure effective practice in a martial 
artist incorporate body composition; functional core; hamstring flexibility; muscular strength; 
muscular endurance and static balance (Bounty et al 2011). 
Furthermore, martial artists are placed at even greater risk, in terms of promoting and inducing 
an injury. Lenetsky and Harris (2012) assert that martial artists place a high demand on the body, 
assuming awkward, unusual and functionally straining positions.  
A clear and coherent understanding of the situational needs of the martial artist, which includes 
objectives that increase ability to move efficiently, develop strength, speed, flexibility, 
explosiveness and resistance to injury, should enhance the capacity and performance of a martial 
artist (Henry, 2011). 
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Gymnasiums are increasingly being utilised as places where one can engage in regular physical 
exercise. In the past, martial artists did not have access to modern gymnasiums and certified 
trainers. Through trial and error, and with minimal equipment, martial artists have learned how 
to forge their bodies into lethal weapons and to attain high levels of fitness (Lund, 2010). Many 
of the modern gymnasiums offer specialised group classes that incorporate yoga, pilates and 
karate training, to assist martial artists, and the average individual, with their physical fitness 
regimes (Rooney, 2010). 
Interventions specifically designed for martial artists should be initially strategised once a fitness 
assessment has been conducted. The fitness assessment is used to determine strengths and 
weaknesses, as well as the current fitness levels of the martial artist, serving as guide to allow for 
appropriate principles of progression to be implemented (Baechle and Earle, 2011). A 
component of physical fitness, often referred to as metabolic fitness, and closely associated with 
body composition, has great significance when commencing exercise, performing numerous 
sports and with specific reference to the martial arts (Bounty et al 2011). 
The subsequent paragraphs will discuss the importance of the aforementioned fitness parameters 
to martial artists and how gymnasium-based resistance training may impact upon them, to 
enhance or alter performance. 
 
2.3 Anthropometrical Measures 
 (Body Composition Relative to Martial Artists) 
Body composition, also referred to as metabolic fitness, is constituted by the relative percentages 
of fat, muscle, bone and other tissues within the body (Corbin et al 2006). Its link with the 
martial arts is important to understand, as it is an indicator of performance differences between 
elite and non-elite athletes. 
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2.3.1 Body Composition: Percentage Body Fat 
In weight-categorised sports, such as martial arts, specifically taekwondo; karate; judo; Brazilian 
jiu jitsu and mixed martial arts, where speed of movement is essential to propel the body through 
space, excess body fat may be detrimental to optimal performance, even at the recreational level. 
Franchini, Velly, Nunes, Moraes and Del Vecchio (2007) and Kubo, Chishaki, Nakamura, 
Muramatsu, Yamamoto, Ito, Saitou, Kukidome (2006) aver that the higher the percentage of 
body fat, the lower the performance in activities involving body displacement. These 
commentators extend their assertion, professing that a lower percentage of body fat provides a 
better weight-to-strength ratio, which in turn, enhances the power output-to-body weight ratio, 
essential in accelerating the body mass as rapidly as possible, assisting with initiating explosive 
movement. 
Additionally, excess fatty tissue, also referred to as adipose tissue, is non-functional tissue, 
which slows movement and decreases mechanical efficiency (Cochrane, 2001). When allied to 
martial arts, it negatively influences metabolic efficiency and subsequent energy expenditure, 
during the performance of functional techniques while training, impacting on strength 
requirements, decreasing speed and endurance (Franchini, 2005). A martial artist that is 
metabolically more efficient and possess minimal, yet optimal amounts of fatty tissue and lean 
muscle mass, is bound to expend less energy than his opponent, performing the same sparring or 
functional movement techniques over the same duration.  
Physiologically, the negative effect of possessing excess adipose tissue, results in more blood 
flow being redistributed to non-functional tissue and less to working muscle tissue. Depending 
on the nature of the exercise being performed, the heart rate is affected in a manner, proportional 
to the amount of energy rich blood flow required to be transported to the working muscle groups 
(Corbin et al 2006). If the muscles performing the exercise are deprived of energy and oxygen, 
the body responds by increasing the heart rate, and consequently blood pressure, to meet energy 
demands corresponding to the exercise being performed. With an increase in heart rate, 
subsequent energy output is also increased, accompanied by the potential of premature fatigue 
and exhaustion. A martial artist, who possesses less subcutaneous fat, will be metabolically more 
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efficient, able to endure and tolerate the high intensity interval training (HIT) type of exercise 
sessions often performed at an elite level, which requires an abundance of energy (Bounty et al 
2011). 
Giampetro, Pujia and Bertini (2003) believe that a low percentage of body fat, particularly 
among elite karateka and martial artists, is an anthropometric characteristic best suited to meet 
the specific functional requirements of the sport and art. Taking into consideration that each 
martial art has specific components, the body fat percentage values found for participants in a 
study conducted by Ali (2010), were different from those found in other studies. He found that 
high-level judo practitioners from Japan, competing in an elite echelon, have a relatively high 
percentage body fat (23.34%). He expands, declaring that numerous investigations have shown 
that judoists with lower percentage of body fat, and higher anaerobic performance, in consort 
with specialised judo fitness, tend to execute more attacks during combat, due to a better 
metabolic adaptation, relative to the combat requirements (Franchini, 2005). 
The nature of martial art training is intermittent, and the calorie requirements to perform a typical 
martial arts training session could possibly, be greater than the average gym training or exercise 
session, resulting in possible further substantial changes in body composition (Glass, Reeg and 
Bierma, 2002). By controlling dietary consumption, conceivably noteworthy energy and calorie 
differences may exist. The authors suggest that there is a substantial likelihood of associating a 
lower percentage of body fat among martial artists, as a lower body percentage of fat would be 
more favourable to endurance and effectively performing functional high intensity interval 
training (HIT) exercises, as are required at an elite level. 
2.3.2 Fitness Components and Body Composition 
High intensity interval training is characterised by alternating high-potency exercise bouts, in 
combination with less intense, relatively longer active recovery periods. This method of physical 
fitness conditioning is often used to build fitness within martial artists (Ravier, Grappe and 
Rouillon, 2004). When performing high intensity interval training type sessions the duration of 
the exercise cycle is dependent on the intensity. Bounty et al (2011) contend that the episode 
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may last several minutes or seconds, with alternating interim periods of rest or low intensity 
exercise. A typical, traditional gymnasium-based example of this type of training session would 
include the martial artist running on a treadmill for 30 seconds at an 8 to 12% incline. 
Immediately succeeding the treadmill workout, the martial artist would get off and practice 
striking combinations on a heavy bag for 1 minute, then rest for a certain length of time, based 
on the total duration of the exercise session. Contrastingly, during a traditional martial arts 
training session, training is often conducted through practice of formwork, known as ‘kata’ 
within karate. The martial artist is required to displace his body mass throughout the 
performance. The nature of these movements - described as sudden - reveal a start and stop form 
of movement pattern and are performed in sequential fashion (Ravier et al 2004). The movement 
patterns have a typically cycle-based pattern (e.g. 30 to 60 seconds per kata, followed by 30 to 60 
seconds of reduced activity), so that a reasonably consistent level of metabolic intensity may be 
maintained (Glass et al 2002).  
The authors continue, asserting that the length of recovery is dependent on the physical condition 
of the athlete, in conjunction with the ability of the martial artist to self-regulate the training 
intensity (Bounty et al 2011; Glass et al 2002). This results in both fit and unfit martial artists 
being able to benefit from high intensity interval training sessions. A less physically conditioned 
martial artist will engage in a longer recovery period, compared to a more physically prepared 
martial artist, subsequently exhibiting a greater energy output. Bounty et al (2011) further 
contend that high intensity interval training exercises should be ideally performed at a higher 
exercise intensity, i.e., approximately ≥90% VO2 max (maximum volume of oxygen intake 
during exercise), compared to more traditional circuit-type training, which is generally 
performed at a lower intensity. These commentators continue that high intensity interval training 
is performed with much less total volume, and is more specific, compared to traditional circuit 
training. Turner (2009) however, deems that exercises which have been selected within the 
training session should be as specific as possible, simulating and replicating the metabolic 
demands of a bout; contending the exercises chosen should also involve or replicate the sagittal, 
frontal and transverse plane movements, as encountered in a fight.  
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2.3.3 Relevance, Impacts and Influences of Body Composition 
In certain circumstances, an excess body fat may be a discriminator for athletic success within 
martial arts, as it may even impede and limit the range of motion required to perform strikes and 
athletic kicks; the latter may influence the selection of the preferred attack and the level of 
performance (Sterkowicz-Przybycien, 2008). However, gymnasium-based resistance training has 
been a relatively recently used aid, enhancing functional performance when practicing and 
competing in martial arts (Rooney, 2010). Performing gymnasium-based resistance training to 
develop muscular strength, and increase muscular endurance, also affects the body in a manner 
that assists in maintaining desirable levels of body fat. The effects of muscular strength and 
resistance training often subsequently result in increasing muscle mass or lean muscle mass. An 
increase in muscle mass results in increased calorie expenditure at rest (metabolic rate), which 
plays a significant role in body composition, potentially influencing body fat percentage levels 
and the functional performance of the martial artist, in conjunction with a balanced diet, meeting 
the metabolic demands of the martial artist’s energy requirements. 
Hohl (2002) believes that, not only can specific martial art training be affected by excessive body 
fat, but that martial arts, especially karate, embody an effective type of exercise that promotes 
reductions in body fat. He believes that those who engage in karate on a regular basis can reduce 
body fat percentages, due to the intermittent nature of the typical martial arts training session; 
however, when considering how to lose body fat, for improved metabolic adaptation to make 
provision for an enhanced combat efficiency, the need to supplement martial arts training with 
gymnasium-based resistance training becomes necessary. 
 
2.4 Functional Core Muscular Endurance 
Functional core mainly depicts and describes the muscles and muscle control required around the 
lumbar-pelvic-hip region used to maintain, and improve, operational stability (Kibler, Press and 
Sciascai, 2006). 
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2.4.1 Definition, Relevance and Components of the Functional Core Musculature 
The core serves as the centre of the functional kinetic chain responsible for stabilising the body 
and spine, with and without limb movement (Brukner and Khan, 2006). These authors refer to 
the core as the ‘powerhouse’, the foundation or engine of all limb movement. All movements are 
generated from the core and translated to the extremities. Kibler et al (2006) stress that core 
stability has been ascertained as being paramount for efficient biomechanical function, to 
maximise force generation and to minimize joint loads in all types of activities, ranging from 
running to throwing. Anatomically, the core has been described as resembling the shape of a box, 
with the abdominals anteriorly situated, paraspinals and gluteals being posteriorly situated, the 
diaphragm as the roof, the pelvic floor and the hip girdle musculature as the inferior floor, and 
the hip abductors and external rotators, as being laterally situated (Drake, Vogl and Mitchell, 
2005). 
Local and global muscles play a specific role in lumbar stabilisation. Global muscles, known as 
dynamic and phasic types of muscle, are the large torque-producing muscles, such as the rectus 
abdominis; the external obliques; and the thoracic part of the lumbar iliocostalis muscle group, 
which connects the pelvis to the thoracic cage, providing general trunk stabilisation, as well 
aiding other movements. Stability of the spine is also achieved through the osseous and 
ligamentous tissue structures providing passive stiffness. Muscular co-contraction which aids 
stabilisation of the spine provides a form of active stiffness (Brukner and Khan 2006).  
2.4.2 Functions of the Core Musculature 
The core musculature, with particular reference to the multifidi and transverse abdominus, which 
form part of the local muscle system, has a pivotal and specific function, in contrast to the limb 
musculature. This deep segmental controlling musculature often co-contracts, stiffening the 
torso, such that all muscles become synergists providing active stiffness, further protecting the 
spine during dynamic movement (McGill, 2010). Commonly referred to as and described as the 
‘serape effect’, co-contraction of the aforementioned musculature further connects the stability of 
the upper and lower extremities, via the abdominal fascial system. The effect becomes 
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particularly important in martial artists who perform numerous overhead movement techniques, 
as well as those who require a great force to be generated from the lower body and through the 
limbs (Jones and Ledford, 2012). McGill (2010) asserts that the stability, provided through the 
co-contraction of these muscles, may act as a counter-torque of diagonally related muscles 
during the performance of throwing and punching techniques, and movements that require body 
shifting in order to perform take-downs, and similarly shifting the body quickly, in attempt to 
avoid an attack and execute a counter-attacking movement, such as a forceful strike with the feet 
or hand. 
Gokhale (2009) affirms that local muscles may also be referred to as postural and tonic muscles; 
they attach directly to the lumbar vertebrae, are responsible for providing segmental stability and 
directly controlling the lumbar segments during movement. These muscles include the 
iliocostalis; longissimus; transverse abdominus; the diaphragm; and the posterior fibres of the 
internal obliques (Drake et al 2005). 
2.4.3 Developing the Core Musculature 
Taking into consideration the unusual positions required of martial artists when performing, 
strengthening both global and local musculature should be included in a martial arts-specific 
training programme. This will assist, fortify and sustain them in accomplishing this range of 
various, diverse and unique movements, ensuring a strong functional core. The advantages of 
which, as previously alluded, allows natural movement and facilitates the shifting of body 
weight, during the performance of the series and sequences involved in numerous stances, while 
executing techniques. 
2.4.3.1 Associated Movements and Techniques  
This fundamental and imperative factor of acquiring robust, conditioned global and local 
musculature is clearly illustrated when a martial artist is required to perform a front stance 
(termed a ‘zenkusu dachi’ in karate); specific, precise actions are stipulated, essential and 
required, in order to maximise the efficient use of the global and local musculature of the body. 
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Ideally, the front stance is performed deep, with the centre of gravity low, to enhance lower body 
and lumbar-pelvic-hip stabilisation muscular strength. The front foot should support 60% of the 
practitioner’s weight, with the front knee bending slightly, over the ball of the front foot. The 
rear leg is slightly flexed, with the outer edge of the anterior foot pointing directly forward, 
serving as a launching spring to propel the body forward; additionally, the posterior foot is 
turned forward, as much as possible, with the heel flat and both feet no more than shoulder width 
apart. Performing this stance, while executing a striking technique, is very difficult for many 
martial artists; requiring flexibility training of the ankles, the upper body held upright and 
continuous activation of the lumbar-pelvic-hip stabiliser muscles to ensure the correct posture 
(Thoburn, 2002).When performing the front stance repeatedly, in a sequence involving changes 
in direction, with additional punching techniques, the lumbar-pelvic-hip muscle complex is 
placed under strain. The torso musculature is activated continuously, to maintain posture and 
assist with executing rotational movements; while the feet are shifting and the body and centre of 
gravity are in motion, to allow the generation of a forceful punch or strike, in a single movement 
- punching with the body, not merely with the force of the arm and hand. 
Brown (2008) asserts that nearly all the techniques performed in muay thai involve movements 
of the entire body, incorporating rotational movement of the hips, and serving as the primary 
foundation for delivering punches, kicks and powerful blocks. This writer emphasises that, 
underlying each movement, the use of the lumbar-pelvic-hip musculature serves as the primary 
force, augmenting the lever used to deliver the impact, i.e. the momentum and power are not 
supplied solely by the lever. Karateka requires the lumbar-pelvic-hip musculature to be activated 
for approximately 30 to 60 seconds during a sequence - possibly longer, dependant on the type 
sequence being instructed or performed (Lundt, 2010).  
Similarly, executing certain techniques as performed in taekwondo, such as the axe; spinning 
hook kick; and round house kick, require a strong force to be generated through the lumbar-
pelvic-hip muscle complex, while maintaining correct alignment and posture (Noorul, Pieter and 
Erie, 2008). The authors expand, instructing that the musculature surrounding the trunk should 
be as optimally developed as possible; this includes the abdominal muscles for flexion, the lower 
23 
 
back muscles for extension, and the obliques for rotation, in order minimise the risk of injury and 
to enhance performance. 
2.4.3.2 Impacts of Strengthening the Functional Core Musculature 
Lenetsky and Harris, (2012) advise that exercises which emphasise conditioning of the lumbar-
pelvic hip stabilising musculature region, should be performed in a style mimicking the strength 
conditioning requirements of the particular movement patterns and sequences performed during 
practice of the martial art. Ideally, this will lead to promoting a strong functional core, aiding in 
protection of the spine and preventing any predisposition to injuries (Brukner and Khan, 2006). 
Prentice (2004) theorises that the purpose of initiating functional conditioning exercises is to 
enable martial artists to execute serviceable movements more efficiently and economically, 
thereby promoting enhanced performance at a competitive level. Kibler (2006) asserts that 
attaining functional core strength has two basic benefits, namely, improved exercise techniques 
and improved economy of movement; consequently leading to a potentially improved 
performance and a conceivable reduced energy demand, relative to the movement requirements. 
The latter would, prospectively result in allowing the martial artist to achieve a higher level of 
endurance, as the body is not fighting itself via any compensatory motions, provisionally 
reserving more energy, which can then be allocated to subsequent movement patterns and 
techniques. 
2.4.4 Kinetic Chains 
Improved exercise techniques and economy of movement are often allied with or are 
concomitant to terms, such as closed and open kinetic chains. A chain is a flexible series of 
physically joined nexuses, formed through bones, supported by soft tissue, including ligaments, 
tendons and muscles. The muscle-skeletal chain is primarily used to pull, confine and transmit 
power. When referring to chain(s) in the context of the human body involving movement, they 
are associated to biomechanical terms, which are defined as being either closed or open 
(Prentice, 2004). 
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Closed and open kinetic chains are biomechanical muscle-skeletal taxonomies, related to 
exercise performance, and are continuously demonstrated within the martial arts. Contextual to 
martial arts, the term ‘closed kinetic chain’ refers to the manner in which a body part, such as the 
foot or hand, is manipulated as a strike or take down manoeuvre, performed in a weight-bearing 
position; whereas an ‘open kinetic chain’ defines the scenario wherein a body part(s), such as the 
foot and/or hands are utilised in performing a strike or snapping kick, with the striking body part 
exhibiting no contact with the floor or any other surface (Nordin and Frankel, 2001). 
Closed and open kinetic movement positions are demonstrated in a multitude of various sports, 
especially martial arts. When considering the movement demands experienced in playing tennis, 
maximum acceleration of the hitting limb and the racquet, are typically a function of how 
efficiently a force can be transferred from the lower body to the upper body, thenceforth to the 
racquet (Quinn and Reid, 2005). Similarly, closed and open kinetic chains are applied in martial 
arts, when executing a forward-stepping punch, a block or a striking kick (Turner, Baker and 
Miller, 2011). 
2.4.5 Dynamic Stability 
Cesari and Bertucca (2008) aver that, in order to be a successful karateka, it is necessary to apply 
the highest punch at impact, while maintaining dynamic bodily stability throughout the entire 
performance of the action. An illustration of martial artists relying on dynamic stabilisation in a 
combat scenario is when suddenly placed under attack; the defender is forced to react quickly, 
performing a protective or evasive technique. The implementation of this defensive technique 
results in the activation of the abdominal and lumbar-pelvic stabilisation muscle groups, which 
initiates rotation about the hips and upper torso, to utilise his opponent’s momentum to perform a 
take-down and place his opponent in submission. Contrastingly, an efficient martial artist 
initiating an offensive technique needs to generate a striking force through the lower body and 
hips, to lift his leg as quickly as possible, and execute a disabling kick with high velocity. The 
co-contraction of the abdominal and engagement of lumbar-pelvic stabilisation muscle together 
allow the practitioner to transmit great force through the lower body, thereby accomplishing a 
forceful kick with high precision and accuracy. 
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Turner (2009) declares that muay thai practitioners often execute devastating striking techniques 
to numerous parts of the body; they have the option of selecting to kick, punch, knee, elbow or 
grapple with their opponents. This authority states that the straight, hook and uppercut are the 
three principle punches used in muay thai. When executing each striking technique, the 
extension - whereby the ankle, knee, and hip extend to generate force from the ground, serving 
as additional links of the kinetic chain - allows the trunk, shoulder and arm to apply a great force 
to the opponent. Consequently, to reproduce and transmit the force developed by the lower body, 
the efficient stabilisation of the trunk is mandatory, in order to execute an effective and forceful 
technique (Roetert, 2001). 
Efficient stabilisation of the trunk enables the trunk rotators, internal and external obliques, to 
contract with maximum effectiveness. However, if the deep abdominal core muscles, in 
particular, the transversus abdominus and deep multifidi, are not functioning optimally, in a co-
ordinated fashion, to provide active stability, neuromuscular inhibition is likely to occur and 
force generation will be compromised. The latter often leads to kicks and strikes possessing less 
than optimal force and requiring an excess of energy. It has been established that martial artists 
commonly overwork the upper body musculature, especially, the shoulders, arm and wrist; with 
the practitioner then attempting to seek power generation through these body parts, instead of the 
force being transmitted through the trunk. This may result in an excessive, large output of 
energy, with consequent premature exercise fatigue and heightened susceptibility to injury 
(Brukner and Khan, 2006). An additional concern arises when the muscles are not optimally 
balanced to provide support and control, allowing co-ordinated movement, as the body creates 
substitution muscle recruitment patterns, which could also then lead to injury (Thoburn, 2002). 
2.4.5.1 Associated Movements and Techniques  
Peate et al (2007) confirms that strong dynamic muscular stability, provided from the lumbar-
pelvic hip muscle complex, benefits martial artists by preventing buckling of the upper torso, 
aiding the return to equilibrium after being assailed. This is demonstrated in a mixed martial arts 
bout; once a martial artist has performed an attacking ground sweep technique towards an 
opponent, disabling the opponent’s front leg, thereby placing the opponent in a vulnerable 
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position, the opponent is required to quickly activate and contract the dynamic stabilisation 
muscles along the spine, altering his centre of gravity, in order to assume a recovery position, 
subsequently following up with either a defensive or attacking technique, most suited to his body 
position and situational demands. 
2.4.6 Consequences of Incorrect Training Programme Selection  
Martial artists, who don’t understand the demands of the specific physical fitness requirements of 
their practiced art, often engage in inappropriate training regimens, which detract from or 
decrease performance rather than aid it. Peate, Bates, Lunda, Francis and Bellamy (2007) 
counsel that the use of non-scientific methods when supplying fire fighters with resistance and 
functional training, resulted in poor performance and increased work absenteeism periods, as a 
result of orthopaedic injury, resulting from the physical demands and nature of work required. 
Similarly to the martial arts, awkward or unnatural, injury-promoting body positions are assumed 
during fire fighting duties, encompassing ground work, reaching and crawling, which motivate 
the need for increased flexibility and strength in trunk stabiliser muscle groups, to ensure 
effective performance and reduce the risk of injury.  
Peats et al (2007) warn that gymnasium-based resistance training programmes, which mainly 
focus on developing upper and lower body strength, by utilising localised muscle group 
strengthening methods, inherently placing less emphasis on lumbar-pelvic-hip stabilisation core 
strength, increase the risk of injury and decrease functional performance efficiency. Evidence 
from their discourse involving functional resistance training, in regard to ergonomically 
challenging occupational tasks, as experienced by fire fighters, indicated a 62% reduction in 
work time lost due to orthopaedic injuries, with the number of injury incidents reduced by 42% 
over a twelve-month period. This information may be cross-correlated to martial artists, who 
comparably require similar somatic characteristics; those who possess strong lumbar-pelvic hips 
stabilisation muscle groups and functional cores, improve their performance through 
demonstrating smooth, economical movements and executing techniques with more control, 
balance and devastating force, in conjunction with a lower risk of injury (Henry, 2011). 
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Generally, martial artists often refer to lumbar-pelvic hip stabilisation strength as the ‘Ki’, which 
represents the stabilising muscles of the spine, including the soft tissue and bone structures. 
Thoburn (2002) avers that its primary function, in relation to martial artists, is for generating the 
vital power required to execute forceful techniques. A strong lumbar-pelvic-hip muscle group 
complex is an important component of fitness for martial artists, as it not only limits 
susceptibility to injury, but provides a solid foundation for the use of the limbs (Lundt, 2010).  
2.4.7 Reactive Strength 
Martial artists are required to react quickly when placed under attack, being forced into 
biomechanically unstable positions. Reactive strength, which describes the stretch-shortening 
cycle, is a specific ability related to martial artists, explaining and allied to how rapidly forceful 
movements and techniques are generated, in order to avoid and perform devastating attacks. 
Reactive strength is also demonstrated when martial artists are compelled to avoid a devastating 
blow, being required to assume a recovered body position that is favourable. Turner (2009) 
contends that the stretch-shortening cycle is a learned ability, gained through the generation of 
muscle tension, complimented by the use of resistance training, optimally using the elastic recoil 
properties of tendons, serving as a characteristic fundamental to force generation (Prentice, 
2004). Muscle tension, ideally created through methodical and scientific resistance training, is 
however, under the subconscious control of the nervous system; whereby muscle receptors, 
specifically the golgi tendon organ, react and inhibit the generation of high forces (and muscle 
tension), as a protective mechanism against the potential for injury. This allows for the martial 
artists to position the body, initiating a quick response after receiving contact from a forceful 
striking blow, delivered in attempt to unbalance and disable the defender. 
2.4.8 Training Regimes 
28 
 
2.4.8.1 Resistance Training Regimes 
Willardson (2007) reiterates that enhanced lumbar-pelvic hip stabilisation muscular strength may 
benefit sports performance, by providing a foundation for greater force production in the upper 
and lower extremities. He suggests that traditional resistance exercises should be modified, to 
initiate and facilitate functional core stability, for each specific form of martial arts or sport being 
practiced. Exercises proposed by Turner et al (2011), such as medicine ball throws, may be an 
effective training tool for martial artists concerned at developing rotational power, to promote the 
force and execution of the rear hand punch and similarly, throwing techniques. The pundits state 
that medicine ball training can contribute a high degree of sport specificity, through mimicking 
both range and velocity of motion. Gilmore (2008) posits that resistance training has the ability 
to improve the speed, power, strength, and flexibility skill-related fitness components in martial 
arts. He recommends that specific, martial art related resistance exercises should be performed 
standing, if the type of martial art being performed incorporates techniques that are executed 
from standing positions, or similarly mimic ground techniques, if the art being practiced involves 
ground work. He expands his advice by advocating that the exercises implemented and 
performed should, initially, be performed without additional resistance, ensuring that the 
movement during the performance of the exercise is not compromised, or that the technique, and 
involvement of simultaneous internal and external rotation about the hips, is negated or utilised 
inefficiently.  
2.4.8.1.1 Mobilisation of Motor Patterns 
Gilmore (2008) and Turner (2011) repeat that thorough mobilisation of motor patterns should be 
paramount, before the addition of resistance. As previously mentioned, the hips serve as the vital 
link, providing the nexus where the force from the lower body is transmitted through towards the 
trunk. Resistance exercises, if not emulating the demand and performance requirements of the 
martial art being practiced, in terms of strengthening the local spine muscles, should preferably 
not be performed in an isolated manner, which only targets the spine, aiding the rotational 
strength thereof. Gilmore (2008) suggests alternatively, that the exercise being practiced to aid 
performance, should ideally, involve an action that encompasses the entire functional range of 
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motion of the movement technique when executed, promoting a holistic strength gain, relative to 
the specific movement. Willardson (2007) proposes that a variety of medicine ball weights 
should preferably, be used to ensure, and allow for, a full coverage of the range of motion of the 
specific combat technique, to improve strength and speed. Alternatively, he advocates the use of 
cable machines to enable rotation training at higher loads; reiterating that the correct movement 
pattern should not be compromised by load.  
2.4.8.1.2 Resistance Training Optimisation 
Gilmore (2008) and Willardson (2007) recommend that resistance exercises should be modified 
accordingly, to emulate more ‘real life’ situations, as those experienced during combat. Exercises 
should be performed on unstable, rather than stable surfaces; standing rather than seated; with 
free weights rather than by means of machines; and that exercises be performed unilaterally, 
rather than bilaterally. These experts contend that in doing so more demand is placed on the 
body, increasing the involvement of the lumbar-pelvic hip stabilisation muscle group complex, 
together with aiding conditioning, thus promoting enhanced force production during technique 
execution and performance. 
2.4.8.2 Flexibility Training 
As aforesaid, using resistance to aid strength and improve speed should not compromise 
flexibility. Amateur martial artists, seeking to improve their strength and speed, often engage in 
non-specific training methods and inappropriate resistance training techniques, leading to 
detraining and dysfunctional movement patterns. Neglect of flexibility training, with an excess 
focus on resistance training, commonly results in a reduction in the range of motion. Costa, 
Medeiros and Fukuda (2011) observe that, during a combat scenario, it is evident that certain 
movements require a rather large range of motion and mobility. A decreased range of motion, 
relative to the basic movements requisite in a fight, can impair striking motions, while standing 
or on the ground. Similarly, a lack of mobility among martial artists can make it more difficult to 
escape from possible submission attempts. The need for martial artists to maintain or enhance 
flexibility is imperative for successful performance. 
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2.5 Hamstring Flexibility 
Most martial arts involve methods of training that require a high level of fitness. Schipper (2005) 
confirms that training in martial arts is known to require a great level of overall flexibility in 
most of the major joints of the body. Kolber and Zepeda (2004) define flexibility as the 
physiological ability to passively move a single joint or series of joints through an unrestricted, 
pain-free range of motion (Corbin et al 2006). Flexibility is usually highly specific to the joint 
being stretched, as it is possible to have a high level of flexibility in one joint, with limited range 
of motion in another. 
2.5.1 Stretching 
A prerequisite for martial artists, prior to competition and training, is to adequately prepare the 
body for the forthcoming activities, to ensure optimal training and enhanced performance. 
Schilling and Stone (2000) note that stretching has long been part of the warm-up routine for 
athletes; the use of stretching as part of the warm-up arises from the belief that it will aid in 
subsequent performance and help prevent injury. 
Ratamess (2011) attests that grapplers need adequate flexibility to perform several of the scoring 
manoeuvres and to counteract opponent attacks. The author suggests that flexibility should 
constitute part of a crucial and essential fitness component within their training programme, 
including dynamic and static stretching. Generally, a typical warm-up, prior to training, would 
involve a low intensity aerobic activity, followed by specific dynamic stretching movements, 
mimicking the movements performed regularly in training sessions. Fredrick and Szymanski 
(2001) propose that the best way to prepare for more strenuous exercise (daily training session or 
competition) is to perform specific warm-up exercises as they provide a rehearsal of the activity 
and increase body temperature. 
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2.5.2 Dynamic Flexibility 
Dynamic flexibility is an active range of motion, within a full range of motion, in a joint or joints 
(Hoeger and Hoeger, 2012). When dynamic flexibility exercises are performed in the same or 
similar movement patterns required in practice or combat situations, they prepare both the large 
muscles of the hip and back, in consort with the smaller stabilising muscles of the groin, knee, 
and ankle (Prentice, 2004). Dynamic flexibility not only improves flexibility but coordination; 
balance; proprioception; and movement speed, essential for martial artists; in addition to raising 
core body and deep muscle temperatures; elongating active muscles (elasticity); decreasing the 
inhibition of antagonist muscles; stimulating the nervous system (arousal); and assisting in 
decreasing the chance of injury (Hoeger and Hoeger, 2012; Ratamess, 2011). 
2.5.2.1 Static Stretching 
Static stretching is described as extending a muscle to a certain point and holding the position for 
several seconds (Corbin et al 2006). Fredrick and Szymanski (2001) recommend that martial 
artists should preferably perform static stretches after training sessions. Schilling and Stone 
(2000) submit that static stretches may improve flexibility, but do very little physiologically, to 
prepare the body during warm-up for competition and should ideally, rather be instigated at the 
end of the training session. They expand their commentary, by proposing that statically 
stretching before practice or competition, may even have adverse effects, such as calming the 
martial artist, decreasing blood flow to previously active muscles, reducing the overall 
contractile functions of the muscles and consequently, decreasing strength output. Although a 
lack of certainty and controversy exists as to whether stretching will reduce the power output 
during the performance of power and weightlifting type of activities, its affect still remains 
unclear. 
Allowing that changes in mechanical properties may not have the same effect as changes in 
neuromuscular transmission following stretching, Schilling and Stone (2000) contend that the 
timing and specificity of stretching during the warm-up is important. Activities demanding 
optimal power and enhanced strength to perform techniques successfully, should allow for a 
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twenty minute interval minimum, between stretching and performance (Schilling and Stone, 
2000). 
2.5.2.1.1 Electromyographic Activity 
Based on the findings and research conducted by Schilling and Stone (2000), not all researchers 
agree on muscular strength changes that occur as a result of stretching, however interesting 
results were seen when studying electromyographs during stretching of the hamstring muscle. 
Komi (1998), in Schilling and Stone (2000), demonstrated a linear relationship between the rate 
of electromyographic activity and force production. Moore and Hutton (1980), from Schilling 
and Stone (2000), showed that electromyographic activity is not related to the ability to stretch a 
muscle; because he found that hamstring relaxation (low electromyographic activity) was not 
requisite for reaching maximum range of motion in the hip joint. This study used proprioceptive 
neuromuscular facilitation-style stretching in gymnasts, and showed an increase in 
electromyographic activity during stretching, with a concomitant increase in range of motion. 
These studies show an increase in range of motion independent of tension, activity, or stiffness in 
the muscle being stretched.  
2.5.3 Relevance of Flexibility 
Noorul et al (2008) indicates that flexibility, particularly adequate lower back and hamstring 
flexibility, plays an important role in martial arts. Sufficient lower back and hamstring flexibility, 
enables martial artists to execute high kicks and reach target areas as required to disable the 
opponent, preventing lower back strains and injuries. Toskovic, Blessing and Williford (2004) 
reported values of 31.7 centimetres (cm) in novice males; 39.1cm in experienced males; 37.0cm 
in novice females; and 35.9 centimetres in experienced females, for American recreational 
taekwondo practitioners, using the conventional sit-and-reach test, assessing lower back and 
hamstring flexibility. 
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2.5.3.1 Sit-and-Reach Test Findings 
Markovic et al (2005) found that the results of a sit-and-reach test, utilising a comparison 
between two groups of female taekwondo athletes, did not differ significantly. However, 
Markovic and his associates did establish that Croatian female taekwondo athletes achieved 
substantially higher results (55.8cm), than did the Puerto Ricans (35.2cm) or Czech (37.9cm) 
athletes. The researchers attribute these differences to the result of additional strength and 
conditioning training that the sample had performed in previous years of training, serving as 
evidence that years of martial arts training has the potential to improve range of motion and 
flexibility. The additional training included various exercises aimed at improving the flexibility 
of the lower back region and the hamstrings. 
Douris (2004) found that adult middle-aged martial artists obtained significantly greater sit-and-
reach scores than their peers and counterparts, revealing possible evidence that martial artists 
place greater emphasis on flexibility, particularly in the lower back and hamstring muscle 
groups. Middle-aged adults practising soo bhak do (SBD) have been shown to obtain, on 
average, measurements as great as 22.3cm versus 10.4cm in sedentary controls. These results 
indicate that martial art training not only requires one to be flexible, but can assist in the process 
of increasing flexibility. 
2.5.4 Elastic and Plastic Physiological Impacts of Static and Dynamic Stretches 
There are two possible types of physiological effects that static and dynamic stretches may 
produce, leading to improvements in hamstring flexibility, particularly for martial artists; 
described as either elastic or plastic. An elastic stretch seems to provide an effect similar to that 
of a spring-like action, in which any lengthening of the connective tissue that occurs during 
stretching is recovered when the load is removed. An elastic stretch is a temporary condition, 
desirable to prepare the body prior to training and competition, and is usually a result of effective 
dynamic stretching. Contrastingly, a plastic stretch provides an elongation that occurs and 
remains, even after the load is removed. A muscle only has elastic properties, in variance to 
ligaments and tendons, which have both plastic and elastic properties. When connective tissue is 
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stretched, some of the elongation occurs in the elastic tissue elements, and some occurs in the 
plastic elements (Hedrick, 2000). When the stretch is removed, the elastic deformation recovers, 
but the plastic deformation remains. The latter effect is a result of successfully implementing a 
static stretch. 
This denotes that stretching techniques should be designed primarily to produce a plastic 
deformation, since a permanent increase in range of motion is usually desired, when seeking to 
increase the range of motion in a joint. When stretching, the proportion of elastic and plastic 
deformation may vary, depending on how, and under what conditions, the flexibility training 
occurs. Emphasising stretching to the point of mild discomfort, holding the stretched position for 
a period of time and stretching only when the core temperature has been elevated, will assist in 
emphasising plastic stretch (ACSM, 2006). Ratamess (2011) advises that martial artists, 
particularly grapplers, should select a few major stretches and perform multiple sets, held at the 
point of moderate discomfort for 30 to 60 seconds or more to increase flexibility. 
2.5.5 Advantages of Flexibility Training 
Kolber and Zepeda (2004) intimate that flexibility allows for physical advantages, such as 
improved athletic performance and decreased injury potential. Hedrick (2000) recommends that 
coaches, and those involved in the training and rehabilitation of athletes, be aware that improving 
flexibility is an important goal within a conditioning programme, because increased flexibility 
can help to prevent injuries and to enhance performance. He emphasises that flexibility is an 
important aspect of any sports programme, especially when the activity is dynamic and 
demanding in nature, such as martial arts. 
Murakami and Oga-Baldwin (2008) aver that pliability and suppleness in the martial arts are 
imperative. They maintain that as humans age, many fitness components, such as flexibility, 
deteriorate. He states that karate and most martial arts assist in considerably slowing down this 
process; emphasising that martial artists, especially karateka, should have flexible muscles 
around the pelvis and lower back, facilitating the body to moving in an agile manner, this 
additionally assisting in eliminating any movement that is awkward and/or inefficient. 
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Furthermore, they posit that flexibility training preserves the body and will assist in promoting 
longevity. 
Probst, Fletcher and Seelig (2007) avow that most martial artists, especially karateka, tend to 
possess greater hamstring flexibility, allowing for greater hip flexion, than do most other 
sportsmen. Studies conducted by Kolber and Zepeda (2004) have indicated that individuals and 
sportsmen with reduced hamstring flexibility are more prone to lower back injuries when 
performing bending and lifting activities, as are often performed in martial arts. 
This indicates that hamstring and lower-back flexibility should garner great emphasis during 
training sessions. Thoburn (2002) intimates that martial arts, especially such as taekwondo, 
incorporate numerous flexibility exercises, aimed at increasing the flexibility of the inner thigh 
and hamstrings, thereby making movements, such as the splits, possible. The ability to perform 
the splits is acquired through an emphasis on stretching the inner thigh, making provision for the 
execution of high kicks at extreme ranges, as are expected to be executed during bouts. 
A customary taekwondo training session involves three hours of calisthenics, aerobic and 
isometric exercises, stretching and technical exercises; thereafter, the performance of forms that 
flow lyrically, like choreographed movements, called ‘poomse’, are administered. These 
movements require much flexibility, better breathing, increased concentration, and higher levels 
of endurance. 
 
2.6 Muscular Strength 
Most individuals, athletes and martial artists have come to understand that strength training is an 
important part of their training regimen (King, 1999). However, few individuals, specifically 
martial artists on a sub-elite level, adopt a specific or scientific approach to strength training. 
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2.6.1 Significance of Training Regime Selection 
Training by ‘instinct’ or using methods that are either out-dated or inappropriate to the 
competitive fighter are tactics often employed. The most frequent error is relying on weight-
training programmes, not tailored or specific to each individual’s fitness level. Training in this 
manner is not without its merits, but when done exclusively, over a long period of time, can 
result in decreased performance in the ring and even lead to injury. At the very least, such 
training is less than optimal. Turner (2009) suggests that the martial artist or coach should 
examine sports that use similar movements and/or have similar physiological demands, utilising 
these examples to adapt the training mode and exercises according to the type of martial art 
being trained and practiced. 
Concerning specificity and training, an additional mistake made by sportsmen and sub-elite 
martial artists is the over-reliance on machines, which emphasise strengthening a muscle group 
in isolation. This form of training is incorrect, as in the real world muscles never act in isolation; 
depending on the movement, some will act as prime movers, while others will fixate and 
stabilise the movement (Hartmann and Tunnemann, 1995). 
2.6.1.1 Resistance Training 
When performing a resistance training programme, Craig and Judge (2009) contend that 
overloading the system with a progressive training programme is probably the most important 
variable in resistance training. Coburn and Malek (2012) put forward that, ideally, a resistance 
training programme must progress through various exercises, such as multi-joint exercises (Back 
squat with barbells, Pull-ups and Bench Press) to free weight exercises (lunges with controlled 
knee lifts, dumbbell shoulder press and bicep hammer curls) and finally machine resistance 
exercises (leg extensions and curls, and triceps extensions). Furthermore, the intensity of the 
resistance training programme should be performed at between 75% and 90%, with recovery 
periods, lasting approximately two minutes, in between. These authors extend their advice, 
suggesting that the individual performing the resistance training programme should aim to 
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perform multiple sets and repetitions (3 sets; 6 repetitions) of a particular exercise, to maximise 
the possibility of optimal strength gains. 
2.6.1.1.1 Specificity 
When training for martial arts at a high level, there must be specificity of training (Bounty et al 
2011). Craig and Judge (2009) recommend that the exercises selected within the resistance 
training programme should mimic or replicate, as closely as possible, the mechanical movement 
demands of the martial art being performed; movement patterns on the field cannot always be 
duplicated in the gymnasium, but the muscles involved can be trained. These pundits augment 
their advice, submitting that the most effective way to enhance strength or power for a specific 
sport arises from a training programme that has mechanical specificity. The concept being that 
you specifically train the muscles and the movement patterns for the individual sport (Baechle 
and Earle, 2011).  
2.6.1.1.2 Correct Selection 
The exercises that are performed within the resistance training programme should, ideally, place 
greater demand on strengthening stabilising muscle groups and place a higher priority on 
selecting exercises to attain optimal strength gains. King (1999) proposes that the martial artist 
who persists with strength training methods, which promote training muscles in isolation, will 
probably display an unbalanced form of strength, requiring more energy to perform a specific 
functional technique, and would probably be outmatched by his/her opponent. Taking this into 
consideration, training time and effort, in conjunction with a plan that is scientifically based and 
individualised, in order to develop functional strength, is imperative (King, 1999). 
Thoburn (2002) points out that the human body is very adaptable; mentioning that the 
neuromuscular system, in particular, revises itself to perform better, based on training. This 
reveals that cross training, or non-specific training, may decrease performance in a desired area; 
thereby, further highlighting the importance of a specifically and carefully designed training 
programme to ensure sports’ enhancement. 
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2.6.2 Relevance of Muscular Strength 
When a martial artist considers the preparation for a combative bout, it may contended to be 
similar to a chess match, in which every move, however slight, gives one’s opponent something 
to work with; based on this assumption, Velazquez (2008) claims that strength and conditioning 
become critical. Laskowski and Suchanowski (2009) assert that gaining maximal strength in all 
muscles has a substantial effect on successful performance in sports fights and the practising of 
martial arts, as well as performing daily activities. 
2.6.2.1 Muscular Strength and Endurance 
With specific reference to martial artists, numerous kinds of strength are required and need to be 
developed. Janot (2005) defines muscular strength as the maximal force that can be generated by 
a specific muscle or muscle group during a single movement. The force generated is specific to 
the muscles involved, as well as the type, speed and joint angle of the contraction. Strength 
endurance (the ability to exert maximal force repeatedly) and static strength (the ability to exert 
force against an immovable object or to resist force to maintain position) are important, 
especially when competing in a specific weight class, where one’s relative strength or one’s 
strength in relation to one’s weight is of paramount importance (King, 1999). 
Thoburn (2002) submits that for most martial artists, particularly karateka, gaining excessive 
bulk should be avoided, preferably while focusing on developing strength. Flexibility and speed 
are as important as strength, and should not be sacrificed for bulk. Thoburn (2002) emphasises 
that karateka and most striking arts should achieve strength and endurance gains, through the 
utilisation of relatively lightweight equipment and high repetitions. 
2.6.2.2 Key Components 
2.6.2.2.1 Elasticity, Flexibility, Static and Dynamic Strength 
Laskowski and Suchanowski (2009 put forward that the athletic performance of martial artists is 
affected by three factors: flexibility and the elasticity of muscles’ fitness of the neuromuscular 
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system; and especially, static and dynamic strength. The force a muscle can apply to an 
immovable object, without appreciably shortening the length of the muscle, may be referred to as 
static or isometric strength; dynamic strength is defined as the force a contracting muscle can 
apply in moving an object over a prescribed distance. The length of the contracting muscle 
shortens, while moving the load and is also referred to as isotonic strength (Powers and Howley, 
2004). 
According to Inokuma and Sato (1986), strength training is the key or fundamental factor 
contributing to attaining success in combat sportsmen. The physical strength of martial artists is 
dependent on several, diverse factors, including, inter alia, the size of the muscle cross-section, 
which is indicative of relative strength. A single squared centimetre of a muscle cross-section 
may deliver the strength of 7 to 10 kilograms (kg), (Fluk and Hoppeler, 2003). Additional 
strength-related factors incorporate the number of muscular motor units; the proportions of the 
bone levers; energy release from phosphor-creatine decomposition; age and gender; and the 
proportion of slow-twitch (ST) muscle fibres to fast-twitch (FT) fibres (Laskowski and 
Suchanowski, 2009); the more FT fibres that are present, the greater the latent strength potential 
of a given muscle. 
2.6.2.2.2 Plasticity 
Evidence has indicated the plasticity of human skeletal muscle plays a significant role, regardless 
of age constraints. Plasticity involves the ability of a muscle to adapt to stimuli, for instance 
contractile activity associated with endurance exercise; electrical stimulation; and enervation. 
Other elements of plasticity or muscle adaptation abilities include loading conditions, such as 
resistance training; microgravity; substrate supply; and environmental factors (Fluk and 
Hoppeler, 2003). Macardle, Katch and Katch (2006) demonstrated the plasticity of skeletal 
muscle, undertaking a study comprising five older, healthy men training for 12 weeks, using 
heavy resistance and free weight exercises. The use of the resistance training programmes 
provided evidence relative to adaptation of the skeletal muscle; which revealed modifications 
such as increased muscle volume and muscle shortening; with apparent alterations in cross-
sectional areas of the biceps brachii and brachialis. Additionally, resultant increases of 37.2% in 
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hypertrophy of the type II muscle fibres were established, revealing significant training 
responses and impact, accompanied by physiological adaptations among this particular 
population. 
2.6.2.3 Physiological Impacts of Strength Training 
When martial artists begin programmes to develop strength, corresponding and pre-defined 
physiological adaptations are expected to occur, with the regular performance of resistance 
training, over an extended time period (Macardle et al 2006). Mitochondrial volume and density 
decrease, as resistance-trained muscle fibres have increased total contractile protein and energy 
generating compounds, without any parallel increases in capillarisation. Consequently, the total 
volume of the mitochondria and mitochondrial enzymes are also likely to be increased. 
Macardle et al (2006) assert that enzymes such as creatine phosphokinase and myokinase 
increase, influencing and augmenting the fuel transport within the muscle and subsequent muscle 
contraction. Intramuscular fuel stores, such as adenosine triphosphate, phosphor-creatine and 
glycogen, are also likely to expand. These anaerobic energy stores contribute to the rapid energy 
transfers required in resistance training. An additional adaptation cited by these experts as 
probable, relates to an increase of strength in connective tissue, namely the ligaments and 
tendons, which is important in protecting joints and muscles from injury. Considerable increases 
in bone mineral density are also predicted. Consequential to an amalgamation of the 
abovementioned factors, an individual’s basal metabolic rate is accelerated, resulting in a 
favourable reduction in body fat and an increase in lean muscle mass (Macardle et al 2006). 
However, this concurrent increase in lean muscle mass and maximal muscle strength is often 
mediated by two mechanisms, viz. the increase in muscle fibres and an increase in the number of 
active motor units, as a result of changes in movement control by the nerves. During the initial 
training period, an increase in strength is developed during maximal contractions. This is 
primarily connected with the stimulation of a greater number of motor units, at the site known as 
the neuromuscular junction (Powers and Howley, 2004). 
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Neural adaptations, rather than changes inherent to the muscle, account for almost all of the 
relatively large strength improvements in the early phases of resistance training. Resultantly, 
strength training should be prescribed, and conducted, in such a manner that the number of 
muscle fibres and number of active motor units are enlarged, in order to anticipate strength and 
performance gains (Macardle et al 2006). 
2.6.3 Appropriate Training Regimes 
2.6.3.1 Resistance Training 
2.6.3.1.1 Core-Resistance Training 
Pursuant to the literature regarding the performance benefits obtained by martial artists from 
strength training, Voigt and Klausen (1990) submit that the use of upper body and multi joint 
core-resistance training has the potential to produce an improvement in punching speed. 
Exercises such as incline sit-ups, incline-bench presses and punch-bag exercises have been 
utilised to produce such an effect. 
2.6.3.1.2 Resistance Training Correlated to Power and Strength 
Likewise, Lowry (2009) proposes that resistance training is the key to developing explosive 
power and strength; stressing that muscle mass, muscle strength and explosive power are 
essential components in the martial arts. Apropos athletic performance, strength and power are 
both important factors; however, power may be a better predictor of athletic success, rather than 
strength. Although strength is a major contributing factor to power, power is associated with 
‘explosiveness’. Jones and Ledford (2012) posit that the martial artist, who is more powerful, 
will likely be at an advantage over a less forceful opponent. Specifically, a competitive martial 
artist needs to have power endurance, which is the ability to perform power-based movements 
repeatedly, without undue fatigue (Bounty et al 2011). The authors advocate that a martial artist 
should ideally, and specifically, possess powerful hips, trunk, and shoulder musculature. When 
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other attributes are similar, the powerful fighter will be more successful at taking an opponent 
down; performing a reversal or escape when opponents are grappling on the ground; securing 
submissions; and throwing devastating punches or kicks. 
Thoburn (2002) advances that the use of resistance training within the martial arts is essential, as 
it serves as a supplement to training, in order to enhance explosive movement, and 
concomitantly, place extra demands on the muscle-skeletal and cardiovascular system. The 
development of an enhanced fitness level promotes advancement and improvement, relative to 
kicking and punching speed, accompanied by endurance. For martial artists to develop and 
maintain an enhanced fitness level, and continuously execute powerful strikes, it is requisite that 
they engage in regular strength and power training.  
2.6.3.2 Resistance Training Exercises 
Bounty et al (2011) declare that, over the past few years, martial artists, especially mixed martial 
artists, have employed many different ‘non–traditional’ exercises to maintain and develop power 
within their training regimes. These innovative exercises encompass kettle bell swings; cleans 
and snatches; heavy rope training/rope climbing; tire flips; sledge hammer swings/wood 
chopping; sled pulls; pull-ups using towels, or other variations in grip size; and pushing 
automobiles. 
2.6.3.2.1 Speed 
Another method of resistance training, often forming an essential component of fitness for 
martial artists, is the physiological ability of speed; the ability to execute rapid punches, kicks, 
and take-downs is paramount to success. The speed at which punches or kicks are executed may 
play an important factor in the knockout potential of the executed action. Jones and Ledford 
(2012) attribute speed with being potential knockout factor, based on the concept that the total 
measurable kinetic energy of the punch or kick is exponentially or geometrically related to the 
velocity of the action, whereas only arithmetically related to the mass of the striking appendage.  
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2.6.3.2.2 Plyometrics and Specific Exercises 
Turner (2009) recommends that purposeful exercises, such as plyometrics, must be included 
within the resistance training programme of martial artists, as they not only assist with 
generating power, but also contribute to speed of movement. In a martial artist lower body 
muscular strength is imperative; a good foundation of lower body muscular strength promotes 
the development of speed, power and stability; potentially limits the risk of muscular-skeletal 
injury; facilitates jump kicks; and will also contribute to more powerful standing and airborne 
kicks (Noorul et al 2008). These pundits advise certain exercises, such as drop jumps, hurdle 
jumps, and hopping, are prudent; assisting with the development of leg and foot speed, as 
required to project explosively forward to attack the opponent by surprise, or rapidly avoid 
devastating blows. They also advocate upper body training exercises, to increase punching and 
striking speed, incorporating the use of plyometric training, featuring the clap push-ups and 
variations thereof. Other types of exercises that allow for natural functional movement and 
development of natural speed include the aforementioned kettle bell swings and snatches. 
Bounty et al (2011) add a proviso, recommending that, plyometric training only be incorporated 
within the training programme, once sufficient strength gains have been obtained from the initial 
phases of the training schedule. Realising sufficient strength gains through the initial potency 
phases of the training programme offers less risk relative to injury susceptibility, contributing to 
obtaining maximum benefits and results when performing the plyometric training. When 
considering the use of the plyometric strength conditioning methods, it is important to determine 
safe and conducive plyometric intensities, in order to limit risk of injury (Hoeger and Hoeger 
2012). 
2.6.3.2.3 Resistance Bands, in Combination with Supplementary Exercises 
Thoburn (2002) offers an alternative, intimating that incorporating the use of resistance bands, 
combined with maximal velocity movements, may improve speed. Dinn and Behm (2007), in 
Bounty et al (2011), examined the effects of an eight-week punching protocol, comparatively 
assessing the results attained using resistance bands versus an unyielding strap. The bands varied 
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in resistance from 7 to 25.3 pounds, and were used three times a week, with the goal of 
progressively increasing the band resistance throughout the eight-week protocol. The participants 
performed three and four sets of ten repetitions (reps) in weeks one and two respectively, with 
five sets of ten reps in weeks three through eight. The participants using the resistance bands 
were asked to perform punching movements as quickly as possible; however, the participants 
utilising the unyielding strap were instructed to perform the punching movements with the intent 
of contracting explosively. The participants in both groups rested for periods of 45 to 60 seconds 
between sets. At the end of the study, a significant increase in punching movement speed was 
observed, determined by a 17.6% decrease in movement time, after the participants were 
required to demonstrate a punch using a resistance band, performing the movement as rapidly as 
possible. Dinn and Behm (2007) concluded that the use of resistance bands, combined with 
maximal velocity training, could possibly be used to develop, not only punching speed, but also 
kicking and take-down speeds as well.  
2.6.3.2.4 Martial Arts as Exercise 
Considering the martial arts from an exercise perspective, being used to improve fitness, they 
have been noted to produce numerous improvements in fitness components, including strength, 
flexibility and cardio-respiratory elements. Through regular or frequent practice, these fitness 
parameters are often associated with significant improvements. Arriaza and Leyes (2005) 
contend that karate has become a popular sport amongst middle-aged adults, being utilised to 
improve cardiovascular function and flexibility, as well as strength and endurance. 
Pursuant to Probst, Fletcher and Seelig (2007), karateka are more likely to show greater lower 
body strength and endurance, in comparison to active non-karateka controls. These 
commentators expand, claiming that karate training can result in specific strength and flexibility 
adaptations around the knee joint. They believe these adaptations to be favourable in benefiting 
athletes - excluding karateka - with certain exercises, such as the front kick, having the potential 
for utilisation in improving hamstring strength and activation time. 
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Wu, Zhao and Zhou (2002) have discovered that martial arts, such as tai chi, can produce many 
strength gains, especially with regard to the lower extremities among adults. Jacobson, Chen 
Cashel and Guerrero (1997) observed that tai chi has contributed to improvements in isometric 
strength of the knee extensors when performed regularly, over a 12-week intervention training 
programme period. Lan, Lai, Chen and Wong (1998) offer similar findings that tai chi training is 
effective in enhancing the strength of muscles around knee joints. These researchers found 
improvements, as great as 20.3% for the extensor muscle group and 15.9% for the flexor muscle 
group, in individuals that began tai chi training. Likewise, Wu et al (2002) results established 
that people who practice tai chi have greater isokinetic strength of the quadriceps, in conjunction 
with lower displacement of the centre of pressure in the foot-assisting and promoting better 
postural control and balance.  
2.6.4 Impacts of Muscular Strength 
Developing effective and sufficient strength gains is necessary, in order to improve muscular 
endurance. Each martial art is specific, in relation to what type of movements they require to be 
executed; however, regardless of which martial art is being practised, the body functions more 
efficiently when the endurance level is high (Thoburn, 2002). 
 
2.7 Muscular Endurance 
Muscular endurance may be defined as the ability to bear and withstand fatigue, and may be 
enhanced by developing either the aerobic (with oxygen) or anaerobic (without oxygen) energy 
pathways (Hoeger and Hoeger, 2012). The majority of martial arts, such as karate, provide an 
excellent combination of aerobic and resistance training. Karate can be described as a type of 
exercise offering a full-body workout, which requires upper and lower body muscular endurance 
and increases muscle tone (Berger, 1998). 
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2.7.1 Significance of Developing Muscular Endurance 
Saunders and Antonio (1999) indicate that muscle endurance is associated with the functional 
specialisation of the skeletal muscles, particularly the enhancement of strength and the ability of 
the muscle(s) to use oxygen, and is not solely, an improvement of cardio-respiratory ability. 
Improving muscular endurance is considered to be related to the ability to increase an 
individual’s external resistance, leading to the development of maximal strength. Hess (1997) 
deems that the more wholly maximal strength is developed, the greater the tendency to see 
improvements in muscular endurance. He continues by averring that martial artists who perform 
movements requiring an intensity of 80%, or more, will improve their maximal strength. Only in 
this way can endurance be enhanced.  
2.7.1.1 Importance of Training Regime Selection 
If a martial artist wishes to excel in his sport, it is essential to establish the route for developing 
muscular endurance training for the arena; muscle endurance is a key issue in the performance of 
martial arts, as training sessions are of long duration and conditioning exercises may last up to as 
long as three minutes per exercise. Jones and Ledford (2012) declare that a properly conditioned 
martial artist should be able to fight at high intensity for the duration of the match or bout and 
still have reserves in case of an overtime round. High energy is necessitated, as these exercises 
require performance and implementation with adequate skill and force (Bouhlel, Jouini, Gmada, 
Nfezi, Abdallah and Tabka, 2006). 
During a mixed martial art bout, martial artists are often engaged in bouts that require standing 
and performing striking techniques, as well as ground-work type of fighting, as in the form of 
Brazilian jiu jitsu. Velazquez (2008) theorises that it is possible that a mixed martial artist’s 
musculature will be working intensely - fighting to establish one’s position or avoiding the 
opponent's formation of position, for approximately three minutes during periods of combat. 
Apropos previous commentary, the ability of the body to deliver oxygen to the working muscles 
may be highly significant in preventing premature fatigue, however skeletal muscular endurance 
is essential for optimal execution of techniques and performance (Hong et al 2006). Buse and 
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Santana (2008) declare that “because martial arts, and typically mixed martial arts, stresses 
anaerobic and aerobic metabolism, both systems should be optimised to improve the martial 
artists chances of success.” The authors reiterate that targeting the appropriate energy systems in 
training is also influential from an injury prevention standpoint. 
Conversely, muscular endurance training or actions, requiring less than 30% of maximal 
strength, shows only a negligible improvement in maximal strength. Hess (1997) deems that this 
suggests that maximal strength training, which emphasises pushing, pressing and throwing 
movements, will be more significant for grapplers than for strikers in improving muscular 
endurance; consequently, this should be given greater priority in a training regime for grapplers. 
Grapplers are often required to lift, throw and hold their opponents for long periods of time; 
hence, they require a high level of strength endurance. For striking arts, which emphasise 
repetitive kicking and punching techniques, such as karate, taekwondo and kickboxing, power 
and endurance training is paramount, whereas strength development should be subsidiary. 
2.7.2 Associated Components 
Strength endurance relates to the length of time maximum force can be wielded; whereas muscle 
endurance concerns to the length of time the muscles can be exerted, regardless of how much 
force is being produced. Strikers who perform movements like kicking and punching repeatedly, 
attacking the opponent from a distance, show more muscular endurance. Strikers focus on short, 
explosive movements, which enables them to quickly move forward, overwhelm the opponent 
and finish the fight on the feet. A strong core is necessary to perform these movements 
(Willardson, 2007). 
2.7.3 Applicable Training Exercises 
Wieman (2002) believes that the enhancement of muscular endurance is attained by performing 
repeated actions, thereby increasing the efficiency of the body muscle(s) being utilised. This is 
produced by performing sustained movements over a specified period of time, concomitantly 
stressing the aerobic and anaerobic energy pathways. This pundit advocates emphasising interval 
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training, mimicking the technical, physical and functional demands of the martial art being 
performed, utilising stability balls; medicine balls; bands; pad work; dumbbells; and cables to 
enhance the body’s efficiency, thereby improving the art’s execution. 
Ancillary to this, Saunders and Antonio (1999) demonstrated that the possible benefits of 
plyometric training, motor education and technical skill lie in potentially improved muscular 
endurance and performance. The conclusion, drawn from the foregoing data and research, is that 
the superior factors in the development of muscular endurance arise through achieving a high 
level of technical skill and co-ordination, utilising strength training and employing sport-specific 
drills. It must be highlighted, however, that the ability to move repeatedly in an economical 
manner and to ensure a high level of technical skill, is not solely dependent on plyometric 
training, motor education and technical skill, but also on possessing adequate flexibility. 
 
2.8 Static Balance 
Pieter and Heijmans, (2007) define static balance as referring to the ability of maintaining total 
body equilibrium while stationary; while dynamic balance refers to the ability of retaining total 
body equilibrium while in motion. Martial artists are required to possess a high level of both 
static and dynamic balance. 
2.8.1 Significance and Achievement of Static Balance 
Combat athletes, such as judokas, wrestlers, and boxers, are required, not only to master the 
specific moves in their sport, but also to excel in a variety of physical abilities. Martial arts 
training is usually performed barefoot. Performing exercises of this nature and manner promotes 
proprioception and enhances balance (Biscontini, 2008). Yessis (2000) puts forward that training 
barefoot provides increased sensory stimulation of the plantar surface of the feet; thus providing 
increased sensory feedback, which may assist in recovering from an exaggerated displacement of 
the centre of gravity (COG). Balance is a necessary component of fitness required by athletes, 
together with other individuals at various levels of fitness, to improve overall physical wellbeing. 
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All sports place an emphasis on good posture, correct skeletal alignment and, as a result, good 
static balance (Brukner and Khan, 2006).  
2.8.2 Relevance of Static Balance 
With reference to martial arts, static balance refers to a technique coming to rest, in consort with 
the ability to maintain the centre of gravity, within the base of support and limits of stability, 
involving the integration of visual, vestibular, and somato-sensory systems, as well as motor 
control systems, to co-ordinate muscular contractions (Yim-Chiplis and Talbot, 2000). 
Positioned in a static long-stance, performing a guarding block or a walking stance, and 
executing a punch in a stationary position, are illustrations of static balance being employed 
within the martial arts.  
2.8.2.1 Associated Components, Techniques and Movement 
Kibler (2006) avers that effective static balance is gained through correct stances and body 
posture, which allows for natural, balanced and economical movements. Correctly performed 
stances are the foundation of good posture in the martial arts. Different martial arts have different 
requirements, relative to the type of stances that requisite. A wrestler will have a low crouched 
stance, the karateka will have a low and upright stance and a kung fu practitioner may have a low 
and long stance.  
Lewis (2003) maintains that upright stances should be at an optimal distance, to allow for 
efficient movement; long stances should be firm, with the weight distribution specific to the type 
of stance being executed; and the sparring stance should have the centre of gravity high enough 
to allow for mobility, yet low enough to maintain the balance. With the upright styles of martial 
arts, such as in aikido, the centre of mass is kept low during the execution of a combat stance; 
however, in taekwondo and karate, also considered to be an upright style, the centre of mass is 
kept low, approximately five centimetres below the navel. In certain forms of martial arts the 
ability to maintain a strong static balance is critical to be effective and for combative proficiency 
(Thoburn, 2002).  
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2.8.3 Optimising Static Balance 
The human body is a very tall structure, balanced on a relatively small base, with its centre of 
gravity positioned quite high. To allow the execution of powerful strikes to combat the opponent, 
the centre of gravity should be kept low, as every movement flows by way of the waist, from the 
hands to the feet and from the legs to the arms, reinforcing the need to possess a strong lower 
body, in conjunction with a robust hip and pelvic girdle. A low centre of gravity is naturally 
more stable, while a high gravity centre is capable of faster movements (Prentice, 2004).  
2.8.3 Significant Elements or Factors 
2.8.3.1 The Kinetic Chain 
Many factors are associated with controlling static balance, relative to the role it plays within the 
kinetic chain. Prentice (2004) refers to an on-going debate vis-à-vis how the kinetic chain should 
be defined; declaring that having a comprehensive understanding of the postural control system, 
as well as understanding the theory of the kinetic chain, regarding the lower extremities, will 
assist in conceptualising the role that the chain plays in maintaining balance. Within the kinetic 
chain, each moving segment transmits a force to every other link along the string, with each 
motion influenced by forces transmitted by all other segments. This denotes that the ability to 
maintain static balance is closely associated with the closed kinetic chain, as the distal segment 
(foot) is fixed beneath the base of support (Thoburn, 2002). 
2.8.3.1 The Muscles of the Lower Extremeties 
Biscontini (2008) suggests that the muscles of the feet should be strengthened, as they serve as 
natural shock absorbers, reinforcing the lower leg complex, assisting in balancing abilities. 
Relative to martial arts, the lower leg muscles are stimulated continuously; however, inadequate 
evidence exists to show whether training with or without footwear is beneficial or not, along with 
scant information as to which exercises are beneficial in augmenting static balance.  
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Prentice, (2004) expands his theories, averring that humans use movement strategies around the 
ankle, knee and hip joints to balance effectively. A combination of one or more strategies is 
employed to co-ordinate the movement of the centre of gravity back to a stable or balanced 
position, whenever a person is disrupted by an external disturbance. The stronger the trunk, leg 
and feet muscles, the greater the need for a stronger base of support and balance ability, as these 
muscles exert indirect forces on neighbouring joints, through the interaction of inertial forces 
within the kinetic chain.  
2.8.4 Training Techniques and Strategies 
2.8.4.1 Barefoot and Non-Stable Surfaces 
Martial artists have trained in a variety of unstable training environments to enhance stability, 
balance, strength, and power. Training barefoot in sand and walking on a variety of wooden 
poles were some of the simple ways martial artists created unstable training environments 
(Santanna, 2002). Based on the fact that martial art training is usually performed barefoot, the 
possibility of improvements in static balance could be anticipated among non-martial artists, who 
engage in related training. Payne (2011) alleges that there is insufficient research in supports of 
the idea that training barefoot may have an influence on improving exercise performance, or 
assisting in stabilisation and static balance. The author’s statements are based on available, 
current research data associated with advantages and disadvantages of running barefoot. Martial 
arts are performed primarily barefoot, therefore performing exercises barefoot, applying the 
principle of training specificity, should be more applicable when seeking an improvement in 
exercise performance (Powers and Howley, 2004). Santanna (2002) declares that “stability and 
balance training in unstable training environments is no more effective than any other 
performance enhancement method, as specificity still governs the training adaptation.” 
2.8.4.2 Martial Arts as Training Aids 
Yang, Verkuilen, Grubisich, Reed and Rosengren (2003) found that individuals who engage in 
regular martial arts training, specifically tai chi, have been noted to gain in improvements in 
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static balance. Based on these findings, tai chi should be incorporated into therapeutic exercise 
programmes, which can lead to an improvement, particularly in balance and fitness for 
individuals of most ages. Tai chi places emphasis on abdominal function, concurrently increasing 
core muscle recruitment and lower extremity muscle strength, similar to most other forms of 
martial arts.  
Douris (2004) indicates that middle-aged adults, who practise the form of martial art known as 
soo bhak do (SBD), apply similar principles to those of tai chi, and are said to have achieved 
significant improvements in static balance, compared to their specific age and gender 
counterparts. The researcher also states that, on average, soo bhak do (SBD) practitioners and 
karateka reveal significantly greater static balance scores than non-martial art practitioners. Soo 
bhak do and karate practitioners obtained, on average, a score of 61.8 seconds, compared to 26.2 
seconds in controls engaging exclusively in traditional exercise on a regular basis. 
2.8.4.3 Gymnasium-Based Resistance Training Aligned to Tai Chi 
Lelard, Doutrellot, David and Ahmaidi (2010) examined the impact of gymnasium-based 
resistance training in comparison to martial arts training, in the form of tai chi. They established 
that the use of a gymnasium-based resistance programme, focusing on balance and control, 
performed over a 12-week period produced equal effects to a 12-week tai chi programme. 
However, taking into consideration that the study was conducted on older people, examining 
postural control and walking ability, none of the outcome measures showed any significant 
changes post-training, in either the tai chi or the balance-training groups; although the indications 
are gymnasium-based resistance training may possibly be effective in improving or aiding static 
balance among martial artists.  
In addition to this, Wong and Lan (2008) support Yang et al (2003), maintaining that tai chi is 
effective in enhancing static balance; continuing that, when utilising functional balance testing 
and training, tai chi may increase the duration of single-leg standing and the distance of 
functional reach. Furthermore, they contend that tai chi improves, not only static balance, but 
also enhances dynamic balance, especially in more-challenging sensory-disturbed conditions.  
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2.9 Summary 
Martial artists not only develop natural strength through practising their specific training drills 
and techniques, but also require additional muscular strength, flexibility and static balance in 
order to perform their specific techniques effectively (Santanna, 2002). Martial artists who seek 
to improve their physical fitness, may engage in gymnasium-based resistance training in order to 
enhance their performance; however those practicing at a sub-elite level require tailored 
strategies and methods in the gymnasium-based training programme that are specific and have 
been specially designed for developing functional strength and flexibility, accompanied by 
progressively increasing fitness, in line with their performance requirements (Turner, 2009).A 
resistance training programme, which has been developed for martial artists, should be as 
functional as possible, apposite to the type of martial art being practiced, aimed at developing 
adequate muscular endurance. This is a quintessential factor for martial artists participating at a 
competitive level, as they require the capacity to fight at a high intensity for the duration of the 
match or bout, retaining an energy reserve in case of an overtime round (Jones and Ledford, 
2012). Economical movement is considered to be important for martial artists, which necessitates 
great emphasis on good posture, correct skeletal alignment, and as a result, good static balance, 
promoting energy efficiency when executing techniques (Brukner and Khan, 2006). Good static 
balance is a necessary component of fitness, which martial artists require, in order to perform 
movements and strikes with great force, while maintaining equilibrium. Striking kicks aimed to 
make contact with elevated target areas, such the head of an opponent, illustrate the demand for 
great flexibility, especially hip flexion, from the hamstring muscle group and lower body muscle 
groups. Martial artists who develop adequate flexibility have physical advantages, such as 
improved athletic performance and decreased injury potential (Kolber and Zepeda, 2004). 
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CHAPTER THREE: METHODOLOGY 
 
3.1 Introduction 
The purpose of this study was to determine the effect of a 12-week gymnasium-based resistance 
training programme on selected physical fitness variables in sub-elite martial artists. Physical 
fitness variables, incorporating anthropometric measures; abdominal muscle endurance; 
hamstring flexibility; and upper and lower muscle strength and endurance, were included. This 
chapter describes the standardised methods and procedures used to provide valid and reliable 
results, taking into account the limitations imposed. Subsequent to this, a discussion ensues, 
reviewing the research design; the participants and sampling techniques; the measuring 
instruments employed in collecting data; both the dojo and gymnasium-based resistance training 
programmes; and ethical considerations. 
 
3.2 Research Design 
The research approach was descriptive, explorative and quantitative in nature. Research is 
qualitative, comprising a study of the status quo, which employs objective research and thorough 
descriptions to solve problems (Hair, Babin, Money and Samuel, 2003; Thomas and Nelson, 
2001). These authors advise that an exploratory design is useful when there is little scientific 
information available, relative to the research problem. As there is a scarcity of literature 
pertaining to the current physical fitness status of South African martial artists, in consort with 
the impact of various training methods, this study design was thought to be most fitting. 
A quasi-experimental research design was utilised as a blueprint for gathering data, as proposed 
by De Vos, Strydom, Fouchѐ and Delport (2009). Such a design requires the researcher to obtain 
a control group, either by randomisation or through matching, often referred to as a comparison 
group (Brink, Van der Walt and Van Rensburg, 2008). Undertaking this enforces a need for 
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relaxation of some of the requirements of a true experiment. Both the experimental and 
comparison groups were evaluated with a pre-test and a post-test assessment, for all the selected 
dependent variables, in order to ascertain the effectiveness of the specific gymnasium-based 
resistance training programme. 
 
3.3 Sampling Technique 
A number of advertising techniques were used to inform potential participants of the rationale of 
the study. Electronic-mails were sent to all staff and students at the Nelson Mandela 
Metropolitan University, together with numerous dojos, located in Port Elizabeth. In addition to 
this, flyers were handed out at various sport shops. (See Appendix E for the recruitment letter 
sent to prospective participants.) Purposive sampling, including a combination of target and 
snowball sampling techniques, was used to identify and obtain the participants (Brink, Van der 
Walt and Van Rensburg, 2008). De Vos et al (2007) defines purposive sampling as the selection 
of participants, based on accessibility and practicality; describing target sampling as the group 
from which the researcher wishes to draw conclusions, relative to the target population. 
Snowball sampling comprises volunteers, obtained by means of participants already involved; 
but also included others relevant to the study (Babbie, 2007).  
Consequently the findings are limited to the participants in this study, and are not representative 
of the larger population of martial artists. To minimise selection bias, one of the limitations 
inherent to purposive sampling, participants were then randomly assigned to either the 
experimental or comparison groups. Randomised assignment is an unbiased sampling technique, 
ensuring that each participant has an equal chance of being selected for inclusion into the 
experimental group and is considered the gold standard when selecting a sample (De Vos et al 
2009). 
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3.4 Participants 
Participants between the ages of 18 and 35 years, actively practising martial arts, were 
voluntarily recruited for the study. Participants younger than 18 years require their parents’ or 
guardians’ permission before being allowed to participate in an exercise programme, and were, 
therefore, been excluded from this study.  
At the start of the study, a total of 23 male participants, from various dojos, were randomly 
assigned to either the experimental or comparison group. The experimental group consisted of 11 
martial artists, of whom seven practiced the hard form of martial arts, with the remaining four 
being practitioners of the softer forms. All 12 participants in the comparison group practiced the 
hard form of martial arts. Table 3.1, and Charts 3.1 and 3.2 illustrate the spread of martial art 
forms practiced between the 18 to 35 year old sub-elite martial art practitioner respondents. 
Mixed martial art contenders were classified as participating in a ‘soft’ form, as the major 
components in the mix were soft. Females were excluded from participation to ensure a 
homogeneous participant pool. Participants who had any serious orthopaedic injury, illness or 
other contra-indications to exercise at the time of the study were excluded. 
Gravetter and Wallnaue (2009) advise that larger samples yield a higher degree of accuracy in 
results and ensure the use of parametric statistical methods. Furthermore, the larger the sample, 
the more the sample distribution is hypothesised to approach normality, and the less the chance 
for occurrence of a type two error (not rejecting the null hypothesis when it should have been 
rejected). 
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Table 3.1: Breakdown of Respondents 
CATEGORY STYLE PRACTICED EXPERIMENTAL GROUP COMPARISON GROUP 
Soft Martial Arts 
Mixed Martial Arts - 3 
Aikido 1 - 
Jiu Jitsu 3 1 
Capoeira - 1 
Hard Martial Arts 
Taekwondo - 2 
Karate 4 3 
Kick Boxing 3 2 
TOTAL PARTICIPANTS 11 12 
 
Chart 3.1: Breakdown of Respondents 
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3.5 Measuring Instruments and Protocol 
Prior to the physical fitness assessments, each participant had to complete an informed consent 
form, which emphasised voluntary participation in the study (Appendix F.). 
3.5.1 Health and Exercise-Related Screening Questionnaire 
In advance of conducting the pre-test and post-test assessments, all the participants were 
screened for health issues, as a precautionary measure and had to provide exercise-related 
information, by filling in a health and screening questionnaire (Appendix B). The questionnaire 
required demographic information, including name, age and contact details of the participant. 
Chart 3.2: Styles of Respondents 
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This information assisted the researcher in contacting the participants when, or if, deemed 
necessary, for any notifications pertaining to the study. The subsequent portion of the 
questionnaire related to queries regarding their current health status. Information, such as 
medication usage and possible injuries incurred was requested, followed by questions concerning 
the participants’ exercise history, including dojo training frequency and duration. Finally, 
enquiries were made vis-à-vis respondents’ participation in other sports-related activities, 
including resistance training in a gymnasium. 
3.5.2 Anthropometric Measures 
The anthropometric measurements (height, body mass and percentage body fat) were undertaken 
in accordance with the protocol and standards of the American College of Sports Medicine 
(ACSM) guidelines for exercise testing and prescription (2006). The two pieces of equipment 
utilised for height and body mass measurements, during data collection, were situated in the 
Biokinetics and Sport Science Unit (BSSU), at the Nelson Mandela Metropolitan University 
(NMMU). The same equipment and qualified health professional was used for pre-test and post-
test data collection; thereby, increasing the reliability of the testing measures. 
3.5.2.1 Stature 
Stature was measured using the ‘Holtain limited, Crymmych, PEMBS, U.K. Stadiometer,’ 
applying the stretch method, with the participant standing in the correct anatomical position 
(ACSM, 2006). The participant stood without footwear, feet together at the heels, with buttocks 
and scapulae touching the vertical board of the stadiometer. The participants’ body mass was 
placed evenly over both feet, while the head was placed in the Frankfort plane. Once the head 
was placed in the Frankfort plane, it was not required to touch the vertical board of the 
stadiometer (ACSM, 2006). The participant inhaled as deeply as possible, with the height 
recording taken on exhalation. The stature assessment, according to Kent (2005), entailed the 
measurement being taken from the distance of the soles of both feet with heels together, to the 
vertex, or highest point of the head. The score was recorded to the nearest 0.1cm, for both the 
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pre-test and post-test evaluations, as described by Norton and Olds (2001). Only a single reading 
was taken. 
3.5.2.2 Body Mass 
Body mass is defined as the force of gravity on an object (Nordin and  
Frankel, 2001). Body mass was measured to the nearest 0.1kg. The participant stood in the 
middle of a digital electronic scale, Tanita Bsf 680, with the body weight evenly distributed 
between both feet, facing forwards, with the head in the Frankfort plane, barefoot and wearing 
minimal clothing. Three sets of readings were recorded, with the mean of these readings used as 
the final value for body mass. The same evaluation procedure was used for the pre-test and post-
test assessments, for both experimental and comparison group. Calibration of the scale was done 
for a period of three months, at regular intervals with different weightings, using the same set of 
barbells each time. This procedure ensured reliability and validity of measurements taken.  
3.5.2.3 Body Fat Percentage 
According to Brukner and Khan (2006) percentage body fat is the percentage of fat the body 
contains. Exact body fat percentage cannot be precisely or easily determined, but multiple 
methods are used to estimate it (Corbin et al 2003). One of the most reliable, valid and popular 
methods of field estimation of body composition is the skinfold thickness technique. This 
requires an examiner to measure the thickness of the skinfold; this provides a measure of the 
subcutaneous body fat under the skinfold (Hoeger & Hoeger, 2012). 
Measurements were taken at the following sites: the biceps; triceps; sub-scapular; and supra-iliac 
skinfolds. The measurements were performed with a Harpenden skinfold calliper, where the 
thickness of a double fold of skin was measured. Skinfold measures are highly correlated (r = 
0.76), with hydrostatically determined body density (Morrow, Jackson, Disch, & Mood, 2000). 
Thereafter, these values, in addition to body mass and height measurements, were used in an 
equation [D = 1.631 – {0632 x (L=Log of total sum of the 4 skinfolds}], and computed in the 
Durnin and Wormersley body fat percentage formula (Miliken, 2003). 
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To ensure more reliable measurements a qualified health professional conducted the skinfold 
assessment, during both the pre-test and post-test evaluations. All skinfold readings were taken 
on the right-hand side of the body. Two measurements were taken at each site, with the average 
value used. A complete data set was obtained, before repeating the measurements for the second 
time, in order to reduce the effects of skinfold compressibility. The same sites were measured, in 
the same order (Appendix D), to allow for consistency in the assessment protocol.  
The measurements were taken with a calibrated Harpenden skinfold calliper, at a position 
halfway between the tip of the acromion and the head of the radius on the anterior surface for the 
biceps, and the posterior surface for the triceps muscles, respectively. The vertical pinch position 
of the skinfold was situated over the belly of the biceps anteriorly, and over the belly of the 
triceps, posteriorly. The sub-scapular skinfold was taken two centimetres below the inferior 
angle of the scapula, with the supra-iliac skinfold measured as a diagonal fold, above the crest of 
the ilium, at the position where an imaginary line from the anterior axilla would intersect it. All 
of the aforementioned measurements were done according to the recommendations by Eston and 
Reilly (2001). 
3.6 Functional Core Muscular Endurance 
Functional core endurance measurements (V-sit; unilateral side bridging; and the one minute 
abdominal sit-up test) were undertaken in accordance with the protocol and standards of the 
American College of Sports Medicine (ACSM) guidelines for exercise testing and prescription 
(2006). A summary of the relevant components of functional core muscular endurance is 
displayed in Table 3.2. 
3.6.1 V-Sit 
The V-sit test, also termed the torso-flexion test, required each participant to assume a body 
position, with the upper body 60 degrees from the trunk to the floor. The arms of each participant 
were folded across the chest and placed on the opposite shoulder. The hips and knees were 
extended at 90 degrees and 180 degrees, respectively. Those with a limited range of motion 
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could flex their knees to resemble the ideal position as close as possible. (Refer to Figure A and 
B in Appendix G for the aforementioned body positions). 
The test was adapted according to each participant’s ability to extend the lower limb, as this 
particular body position also requires adequate hamstring flexibility. The assessment was based 
on the duration (seconds) that the posture could be maintained, without losing core activation. 
The total time spent and held in this position was recorded as the participant’s score, providing 
an indication of abdominal muscular endurance (Brukner and Khan, 2006). 
3.6.2 Unilateral Side Bridge Test 
The side bridge test required the participant to assume a sided, plank position, while using the 
elbow and feet as bases of support, providing a measure of functional core muscular endurance, 
as proposed by Brukner and Khan (2006). The hips were lifted off the floor, to assume an 
extended body posture in the frontal plane. Assessment was based on the duration (seconds) the 
posture could be maintained. This test assessed the endurance of the antero lateral core muscles. 
Failure of the test occurred when the participant fatigued, by either dropping the hips or flexing 
the knees towards the ground (Hoeger and Hoeger, 2011).  
3.6.3 Abdominal Muscular Endurance 
A one-minute timed sit-up test was used to evaluate abdominal endurance. The participant 
performed the test with knees flexed, while the examiner kept the participant’s feet grounded. 
The participant then crossed his arms and attempted to touch his knees with his elbows. This 
movement was repeated as many times as possible, over the duration of a minute, or until 
exhaustion occurred before one minute elapsed. The total number of correct repetitions 
performed was noted and recorded. This is a standardised protocol recommended by the ACSM 
(2006).  
According to Morrow et al (2000) reliability estimates for this test ranged from 0.68 to 0.94, 
with acceptable reliability measures requiring the use of a standardised testing protocol. In 
63 
 
addition, the selection of this method of evaluation for abdominal endurance was particularly 
relevant, as the body mass of the participant is negatively correlated to the results of the test. 
 
3.7 Hamstring Flexibility 
Flexibility is a joint’s ability to move freely, through a full and normal range of motion (Hoeger 
and Hoeger, 2011). Flexibility of the hamstring muscles was evaluated using the standardised 
bilateral sit-and-reach test, and additionally, by the unilateral straight-leg raise test. The 
unilateral straight leg raise test assesses the flexibility of the hamstring muscle group of each leg 
separately. The rationale for using the unilateral test, in addition to the bilateral sit-and-reach 
test, was to determine whether a difference existed between the dominant and non-dominant leg, 
in terms of hamstring flexibility. 
3.7.1 Sit-and-Reach Test 
The sit-and-reach test required the participant to reach as far forward as possible on a mounted 
tape measure, with the heels firmly planted on the base of the measurement stand, with knees 
extended. The participant was then instructed to perform three trials, with an average value 
determined by adding the three scores and dividing the total by three, as recommended by 
Marrow, Jackson, Disch, and Mood (2000). Research by Morrow et al (2000) has shown that the 
sit-and-reach test is a valid and highly reliable measure of hamstring flexibility (r > 0.90). 
3.7.2 Straight Leg Raise Test 
When conducting the straight leg raise test, the participant’s extended leg was raised as far as 
possible, ascending towards a ninety degree angle from the greater trochanter landmark of the 
limb and plinth, positioned horizontally. A 360 degree goniometer was used to measure the range 
of motion of hip flexion attained by each participant, while the opposing limb remained in a 
relaxed position on the bed. The range of motion of the hamstring muscle group was recorded 
and scored in degrees (Corbin et al 2006). A normal range of motion in terms of hip flexion is 
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considered to be approximately 80 degrees according to Kendall, McCreary, Provance, Rodgers 
and Romani (2005). To ensure an accurate and a reliable measure when conducting the straight 
leg raise test, the examiner aligned the participant’s pelvis, whereby the lower back and sacrum 
were firmly positioned flat on the table, with the knee placed in extension and the foot in 
dorsiflexion. 
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Table 3.2: Physical Characteristics and Pertinent Functionality 
FUNCTIONAL CORE MUSCULAR ENDURANCE 
Definition: The foundation or engine of all limb movement - predominantly, the muscles and muscle control around the lumbar-pelvic-hip region, used to maintain, and improve functional stability. 
AFFECTED 
TECHNIQUES FUNCTION(S) 
PHYSIOLOGICAL 
COMPONENTS ESSENTIAL ELEMENTS 
ASSOCIATED 
EXERCISES 
MEASUREMENTS 
TOOLS 
throwing and 
punching 
Fundamental for force 
generation  
elastic recoil 
properties of tendons 
exercising on unstable, rather 
than stable surfaces 
stretch-
shortening cycle 
V-Sit or Torso-
Flexion Test 
movements that 
require (rapid) 
body shifting 
Equilibrium 
maintenance & 
regeneration 
lumbar-pelvic hip 
stabilisation strength  
generation of 
muscle tension, 
Unilateral Side 
Bridging  
front stance  Foundation for greater force production 
upper and lower 
extremities  
resistance 
training 
One-Minute Timed 
Sit-Up Test  
punches Mobilisation of motor patterns    and serving as a   
kicks Assuming recovery positions     
powerful blocks      
axe      
spinning hook 
kick      
round house kick      
HAMSTRING FLEXIBILITY 
Definition: The physiological ability to passively move a single joint, or series of joints, through an unrestricted, pain-free range of motion  
AFFECTED 
TECHNIQUES FUNCTION(S) 
PHYSIOLOGICAL 
COMPONENTS ESSENTIAL ELEMENTS 
ASSOCIATED 
EXERCISES 
MEASUREMENTS 
TOOLS 
high kicks  elongating active muscles (elasticity) 
large muscles of the 
hip and back 
increasing body and deep 
muscle temperatures 
dynamic and 
static stretching  Sit-and-Reach Test 
reach target 
areas as required 
decreasing the 
inhibition of antagonist 
muscles 
smaller stabilising 
muscles of the groin, 
knee, and ankle ( 
facilitating the body  moving in 
an agile manner,  
elastic or plastic 
stretching 
Straight Leg Raise 
Test  
the splits stimulating the nervous system (arousal)  
eliminating any awkward 
and/or inefficient movements   
 
decreasing the chance 
of injury  
primarily produce plastic 
deformations   
 movement  preserves the body   
 balance  promotes longevity   
 proprioception     
 speed     
 coordination     
KEY COMPONENTS 
Static Stretching Extending a muscle to certain point and holding for several seconds, utilised primarily post-session. 
Dynamic Stretching Active range of motion, within a full range of motion, in a joint or joints . 
Elastic Stretch A temporary condition, similar to a spring-like action. 
Plastic Stretching Elongation that occurs and remains.  
In contrast to ligaments and tendons, which have both plastic and elastic properties, muscles only have elastic properties. 
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3.8 Muscular Strength 
Muscular strength can be denoted as the ability to produce maximal force, relative to the 
respective muscle groups involved (Corbin et al 2006). Both lower and upper body strength were 
assessed for the purpose of this study, as both measures depict fitness variables essential to 
practitioners of martial arts. 
3.8.2 Lower Body Muscular Strength  
The participants performed a one repetition, maximum squat test. This was to provide the 
researcher with an indication of each participant’s lower body strength capabilities. The strength 
testing procedure started with a warm-up. The warm-up began with the participant performing a 
set of five repetitions of light resistance, of approximately 50% to 60% of each participant’s one 
repetition maximum. A second set of three repetitions at 60% to 70% was then lifted. Following 
the second set, a third set was performed at 80%, requiring the participant to perform two 
repetitions. Subsequently, the participant performed a fourth set at 90% to 95% effort, with if 
possible, a fifth set, providing the participant had not reached his one repetition maximum yet. 
Baker and Foley (2002) contend that the initial lifts serve as a warm-up prior, to the one 
repetition maximum lift. Each lift progressed in increments of 5 to 10 kilograms for lower body 
strength. Furthermore, these baseline strength measurements assisted the researcher in adapting 
the respective weights to be lifted by each participant, within the gymnasium-based training 
programme. This made provision for appropriate progression within the resistance-training 
programme, as outlined in Tables 3.2 and 3.3. 
3.8.3 Upper Body Muscular Strength 
The participants performed a one repetition, maximum bench press test. This was to provide the 
researcher with an indication of each participant’s upper body strength capabilities. Each 
strength-testing procedure started with a warm-up. The warm-up began with the participant 
performing a set of five repetitions at 50% to 60% of their perceived one repetition maximum 
effort, followed by a second set of three repetitions, at 60% to 70% perceived maximum effort 
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and a third set, performed at 80% perceived maximum effort, requiring the participant to perform 
two repetitions. Subsequently, the participant was required to perform a fourth set at 95% effort, 
with if possible, a fifth set, providing the participant had not reached his one repetition maximum 
yet. Baker and Foley (2002) declare that the initial lifts serve as a warm-up, prior to the one 
repetition maximum lift. Each lift progressed in increments of 2.5 to 5 kilograms for upper body 
strength, respectively, with a recovery time of two minutes between sets. Furthermore, these 
baseline strength measurements assisted the researcher in adapting the respective weights to be 
lifted by each participant, within the gymnasium-based resistance training programme. This 
made provision for appropriate progression within the resistance-training programme as 
illustrated in Table 3.4. 
3.9 Muscular Endurance 
Muscular endurance can be described as the ability of a muscle, or group of muscles, to exert a 
sub maximal force, repeatedly over a specific duration and is dependent, to a large extent, on 
muscular strength (Hoeger and Hoeger, 2012). 
3.9.1 Upper Body Muscular Endurance  
Earle and Baechle (2011) maintain that upper body muscular endurance can be assessed, using a 
standardised procedure, in the one-minute timed push-up test. During the performance of the 
push-up test, each participant pressed up their body mass, lowered the body towards the ground 
and subsequently, pressed the body mass up again. Each participant’s arms were flexed at the 
elbow joint, forming a ninety-degree angle to the floor, and the mid-section of the chest had to 
make contact with the examiner’s fist placed on the ground, to complete a single legitimate push-
up (ACSM, 2009). The participants performed the test on their toes, according to the protocol for 
a standard push-up. The total number of correct repetitions performed in one minute, or until 
exhaustion, if occurring in less than one minute, was noted. Morrow et al (2000) indicate that a 
high reliability (r = 0.93) could be achieved, using this assessment method as a tool to evaluate 
upper body muscular endurance. As with the one-minute sit-up test for abdominal endurance, the 
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one-minute push-up test for upper body endurance is negatively correlated with the participant’s 
body mass. 
 
3.10 Static Balance 
Static balance is the ability to maintain body equilibrium, and to hold a position without moving 
(Hoeger and Hoeger, 2011). The particular assessment used to evaluate this variable was the 
single-leg, stork standing test. This test was included in the testing protocol as martial artists 
often assume single-legged stance positions, as when performing various kicks and poses, in 
training and competitive bouts (Wong and Lan, 2008). Hence, the stork-standing test was used as 
a means of measuring static balance and was repeated for both legs. The participant stood 
barefoot on one leg, with hands on hips, and positioned the non-supporting foot against the 
inside knee of the supporting leg. The stopwatch was started, as the heel of the non-supporting 
foot was raised from the floor. The stopwatch was stopped if any of the following had occurred: 
the hand(s) came off the hips; the supporting foot swivelled or moved (hopped) in any direction; 
the non-supporting foot lost contact with the knee; or the heel of the supporting foot touched the 
floor (Coburn and Malek, 2012). 
All aforementioned assessment protocol and elements of dependant variables are summarised in 
Tables 3.2 and 3.4. 
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Table 3.3: Summary of Physical Characteristics and Testing Protocol 
ANTHROPOMETRIC MEASURES 
ELEMENT 
MEASURED TEST/TESTING EQUIPMENT 
ADDITIONAL FACTORS or 
RELEVANT INFORMATION 
Height  Holtain Limited, , U.K. Stadiometer Metric, in Centimetres 
Body Mass  Digital Electronic Scale(Tanita Bsf 680) Metric, to nearest 0.1kg 
Body Fat Percentage  Harpenden Skinfold Calliper Skinfold Thickness Technique - Biceps, Triceps, Sub-Scapular And Supra-Iliac Double Fold Skinfold Thickness/ 
FUNCTIONAL CORE MUSCULAR ENDURANCE 
ELEMENT 
MEASURED TEST/TESTING EQUIPMENT 
ADDITIONAL FACTORS or 
RELEVANT INFORMATION 
Functional Core 
Muscular Endurance V-Sit or Torso-Flexion Test 
Duration in seconds maintaining posture (dependent on 
individual ability to extend the lower limb)/ 
Endurance of the Lateral 
Core Muscles Unilateral Side Bridging  Duration in seconds maintaining sided plank position/ 
Abdominal Muscular 
Endurance  One-Minute Timed Sit-Up Test  Total number of correct repetitions performed/ 
HAMSTRING FLEXIBILITY 
ELEMENT 
MEASURED TEST/TESTING EQUIPMENT 
ADDITIONAL FACTORS or 
RELEVANT INFORMATION 
Hamstring Flexibility Sit-and-Reach Test - Mounted Tape Measurement Stand 
Metric, in Centimetres - average value of three trials reaching 
as far forward as possible. 
Hamstring Flexibility Straight Leg Raise Test - 360 Degree Goniometer  
Range of motion scored in degrees  (leg  raised  towards 90° 
angle. from greater trochanter landmark of limb & plinth)/ 
MUSCULAR STRENGTH 
ELEMENT 
MEASURED TEST/TESTING EQUIPMENT 
ADDITIONAL FACTORS or 
RELEVANT INFORMATION 
Lower Body Muscular 
Strength  
One Repetition, Maximum Squat 
Test Duration in seconds maintaining posture. 
Upper Body Muscular 
Strength 
One Repetition, Maximum Bench 
Press Test Duration in seconds maintaining posture. 
MUSCULAR ENDURANCE 
ELEMENT 
MEASURED TEST/TESTING EQUIPMENT 
ADDITIONAL FACTORS or 
RELEVANT INFORMATION 
Upper Body Muscular 
Endurance  One-Minute, Timed Push-Up Test Total number of correct repetitions performed. 
Static Balance Single-Leg Stork Standing Test Duration in seconds maintaining posture, 
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3.11 The Training Programme 
Both the experimental and comparison groups followed a training programme, for 12 
consecutive weeks, consisting of four sessions per week. The training programme for the 
experimental group consisted of two resistance training sessions in a gymnasium and 
additionally, two dojo training sessions per week. The comparison group participated in four 
dojo training sessions per week. The duration of the training sessions in the gymnasium and dojo 
were equivalent in time, varying from an hour and twenty minutes initially, to one hour, with the 
time gradually reduced towards the end stages of the intervention. Throughout the performance 
of the resistance training programme, Borg RPE (Rating of Perceived Exertion) scale was used 
to express and quantify the training intensity encountered by the participants (ACSM, 2009). 
3.11.1 The Gymnasium-Based Resistance Training Programme 
The resistance training programme was designed according to the National Strength and 
Conditioning Association’s (NSCA) guidelines for resistance training (Coburn and Malek, 
2012), as indicated in Appendix C and illustrated by various factors in Tables 3.2; 3.3; 3.4 and 
3.5. The resistance training programme incorporated the physical fitness variables of flexibility; 
functional core muscle strength and endurance; upper and lower body muscular strength and 
endurance; and balance training (Earle & Baechle, 2011). 
Each participant performed the resistance training exercises at an intensity which emphasised 
muscular endurance training (≥70% of 1 repetition maximum, with a recovery period of 1min to 
1min 30sec) for the initial six weeks, followed by muscular strength conditioning (>75% of one 
repetition maximum, with a recovery period of 2 min between sets) during the final six weeks of 
the resistance training programme (Coburn and Malek, 2012). The programme, unlike a 
traditional resistance training programme, emphasised more repetitions of an exercise for the 
initial six weeks, supplying more muscular endurance-based training (≥ 60% of one repetition 
maximum), based on the guidelines provided by Coburn and Malek (2012). As the experimental 
group performing the gymnasium-based resistance training programme were novices, the initial 
six weeks required the participant to progressively perform more repetitions for each exercise, 
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which assisted in training the neural recruitment pattern required to execute and conduct the 
exercises safely, aimed at attaining maximum muscle recruitment and strength gains (Mcardle et 
al 2006).  
The latter six weeks of the gymnasium-based resistance training programme primarily focused 
on muscular strength. After each week, the resistance performed in each exercise was increased 
incrementally by 5%, to allow for optimal strength gains (Baker and Foley, 2002 & Earle and 
Baechle, 2011). An incremental progression of resistance, such as 2% to 5% for the upper-body 
and 5% to 10% for the lower body, was implemented. The two-by-two rule was also emphasised, 
throughout the training programme and intervention period. The rule is based on the achievement 
of target repetitions for a training session. Coburn and Malek (2012) outline the rule as stating 
that, if the martial artist can complete two more repetitions, than the repetition goal in the final 
set of an exercise for two consecutive training sessions, the load in all of the sets for that exercise 
during the subsequent training sessions can be increased. 
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Table 3.4: The Gymnasium-Based Resistance Training Programme 
SESSION 
P/WEEK 
MODE OF TRAINING WORK LOAD 
TRAINING 
DURATION 
1, 2 Resistance training, core-stability training and flexibility. 
60% 
3 sets x 15 reps 
Recovery: 1 min 
Total: 1hr20min 
3, 4 Resistance training, core-stability training and flexibility. 
60% 
3 sets x 15 reps 
Recovery: 1 min 
Total: 1hr20min 
5, 6 Resistance training, core-stability training and flexibility. 
65% 
3 sets x 12 reps 
Recovery: 1min 15s 
Total: 1hr20min 
7, 8 Resistance training, core-stability training and flexibility. 
65% 
3 sets x 12 reps 
Recovery: 1min 15s 
Total: 1hr20min 
9, 10 Resistance training, core-stability training and flexibility. 
70% 
3 sets x 10 reps 
Recovery: 1min 30s 
Total: 1hr10min 
11, 12 Resistance training, core-stability training and flexibility. 
70% 
3 sets x 10 reps 
Recovery: 1min 30s 
Total: 1hr10min 
13, 14 Resistance training, core-stability training and flexibility. 
75% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 1hr10min 
15, 16 Resistance training, core-stability training and flexibility. 
75% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 1hr10min 
17, 18 Resistance training, core-stability training and flexibility. 
80% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 1hour 
19, 20 Resistance training, core-stability training and flexibility. 
80% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 1hour 
21, 22 Resistance training, core-stability training and flexibility. 
90% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 1hour 
23, 24 Resistance training, core-stability training and flexibility. 
90% 
3 sets x 6 reps 
Recovery: 2min. 
Total: 
1hour 
 
The resistance training programme consisted of the following phases: a warm-up; followed by 
resistance training exercises; and a cool-down The variables included in a typical resistance 
training session, together with the session content, are indicated in Tables 3.4 and 3.5, and will 
be furthermore discussed.  
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Each session began with an initial light aerobic warm-up, for three minutes, to elevate body 
temperature, augment blood flow and facilitate the transition from rest to exercise, as proposed 
by the ACSM, (2006). The participant had the option of either cycling or jogging on a treadmill, 
at a light intensity or 50% of the heart rate maximum, in order to produce this effect. The warm-
up began with light intensity aerobic exercise, emphasising light bounding sport specific agility 
drills. The aerobic exercise was followed by a detailed dynamic stretching routine of the major 
muscle groups. The warm-up was then followed with joint rotations around a full range of 
motion. Each participant was required to perform rotations of the major joints of the body, in 
both a clockwise and anti-clockwise direction. The joint rotations were performed in a precise 
order, progressing from the upper extremities to the neck, shoulders, trunk, spine and lower 
extremities, followed by dynamic stretches (Thoburn, 2002). On account of the principle of 
specificity, dynamic functional flexibility exercises were included, specific to the performance of 
martial arts movement performance (Hedrick, 2000). Pursuant to the dynamic stretches, each 
participant commenced with the resistance training programme. 
The gymnasium-based resistance programme consisted of nine different types of exercises, 
involving a mixture of free-weight exercises and machine weights. The resistance exercises 
progressed from multi-joint exercises (back squat with barbells and bench press), to free weight 
exercises (lunges with controlled knee lifts, dumbbell shoulder press and bicep hammer curls) 
and finally, machine resistance exercises (leg extensions and curls, and triceps extensions). 
The resistance programme began with each participant performing body-weight exercises, to 
strengthen and condition the functional core muscles and proprioceptive skills. These exercises 
were progressed according to the number of repetitions performed and the duration spent holding 
a muscle contraction or body position, for enhancing balance and muscular endurance.  
After each participant had completed the resistance programme, they commenced with a cool-
down period, comprising numerous static stretches, progressing from the neck; shoulders; upper 
extremities; trunk; spine; and the lower extremities, to allow for a gradual recovery. Coburn and 
Malek (2012) cite the cool-down period as necessary to return the heart rate and blood pressure 
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to near-resting values, to maintain adequate venous return and promote the more rapid removal 
of lactic acid. 
Each participant was supervised by a qualified health professional during the performance of the 
resistance training programme, to ensure safety and adherence to accurate technique 
requirements. The participants were paired to assist with participant adherence, training 
efficiency and safety. 
Table 3.5: A Typical Gymnasium-Based Resistance Training Session 
 
3.11.2 The Dojo Training Programme 
The content of the dojo training programme performed by the comparison group varied, 
according to the type of martial art being practiced.  
Each dojo training session began with a thorough warm-up, of approximately ten minutes in 
duration, depending on environmental conditions. The warm-up gradually increased in intensity, 
shifting from a low to moderate intensity, followed by dynamic stretches and specific combat 
PHASE CONTENT INTENSITY DURATION 
Warm-Up  Aerobic- light cycle 
 Joint rotations of major joints 
 Dynamic stretches 
 50% maximum heart rate 
As tolerated to end of range of 
motion 
5 min 
2 min 
3 min. 
Resistance 
Training 
Programme 
 Functional core exercise using and 
manipulating the body, including 
balancing exercises 
 Multi–joint exercises with barbells 
and free weights 
 Single joint exercises 
 Machine resistance exercises 
For all: 
 Session (1-12) 60% to 70% of one 
repetition maximum; 
 Session (13- 24) 75% to 90% of 
one repetition maximum 
  
20 min 
 
 
25 min 
 
10 min 
5 min 
Cool-Down  Static stretches of all major muscle 
groups 
 Held until mild discomfort 10 min 
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drills emphasising the use of specific major muscle groups, as used in training or competition 
(Costa et al 2011). With an effective warm-up routine, a martial artist can improve the initial 
state of physical and mental readiness necessary for muscular performance (Mcardle et al 2006). 
Thereafter the participants practiced basic techniques and form work as recommended by 
Thoburn (2002). Specific sparring and conditioning techniques were performed under the 
command of a higher level belt martial artist, who served as the instructor. 
During the martial art training session, the intensity and hence, the energy requirements, changed 
continuously, as there were periods, as when the instructor emphasised technique rather than 
fitness, which resulted in fluctuations in training intensity, as described by Glass, Reeg and 
Bierma (2002). Similarly, certain exercises within the training session differed in the degree of 
effort required, and consequently, the energy requirements. Combat drills, progressing from less 
demanding, to more demanding skills, relative to aerobic and anaerobic fitness, in conjunction 
with specific muscular strength were conducted. High intensity interval training was emphasised 
during each training session. High intensity interval training is characterised by alternating high 
intensity (near maximal effort) exercise bouts with relatively longer active recovery periods, 
which are less intense (Bounty et al 2011). Borges’ RPE (rating of perceived exertion) scale was 
used to express and quantify the training intensity encountered during the dojo training (ACSM, 
2009). 
An illustration of a martial artist performing high intensity interval training, is often seen when 
fighting for a minute against an opponent, and then being provided a thirty second recovery 
period, before engaging into the next bout (Thoburn, 2002). Typically, after each dojo training 
session, a cool-down period was performed, which included a light intensity aerobic work and 
function-specific techniques, together with static stretches, utilising the major muscle groups of 
the body, which allowed for the heart rate and blood pressure to return to approximately rest 
levels. Table 3.6 displays all the training variables, as implemented in the 12-week dojo training 
programme. 
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Table 3.6: The Dojo Training Programme 
SESSIONS 
PER 
WEEK 
CONTENT OF TRAINING INTENSITY TRAINING DURATION 
1 - 4 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: static stretches of all major muscle groups 
 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate - high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
10 min 
 
 
30 min 
 
 
 
30 min 
 
 
10 min 
 
Total: 1hour 20 min 
5 - 8 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
10 min 
 
 
30 min 
 
 
 
30 min 
 
 
10 min 
 
Total: 1hour 20 min 
9 - 12 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
10 min 
 
 
30 min 
 
 
 
30 min 
 
 
10 min 
 
Total: 1hour 20min 
13 – 16 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
10 min 
 
 
30 min 
 
 
 
30 min 
 
 
10 min 
 
Total: 1hour 20min 
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17 - 20 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
5 min 
 
 
25 min 
 
 
 
30 min 
 
 
 
10 min 
 
Total: 1hour 10min 
21 - 24 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
5 min 
 
 
25 min 
 
 
 
30 min 
 
 
 
10 min 
 
Total: 1hour 10min 
25 - 28 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: : 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
 
5 min 
 
 
25 min 
 
 
 
30 min 
 
 
10 min 
 
Total: 1hour 10min 
29 - 32 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
5 min 
 
 
20 min 
 
 
 
25 min 
 
 
10 min 
 
Total: 1hour 10 min 
33 - 36 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
5 min 
 
 
20 min 
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Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
 
 
 
25 min 
 
 
10 min 
 
Total: 1hour 
37 - 40 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
5 min 
 
 
20 min 
 
 
 
25 min 
 
 
10 min 
 
Total: 1hour 
41 – 44 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
5 min 
 
 
20 min 
 
 
 
25 min 
 
 
10 min 
 
Total: 1hour 
45 - 48 Warm-up: Joint rotations, jumping jacks, lunges, 
dynamic stretches 
 
Basics:(punches and blocks)  
Syllabus revision (repetition of form work movement 
patterns in sequence 
 
Technique and application drills: (ground work, take – 
downs, kicking techniques with combinations) 
 
Cool-down: Static stretches of all major muscle groups 
low - moderate intensity: 
50% to 60% max HR 
 
moderate intensity: 70% to 
75% max HR 
 
 
moderate – high intensity: 
75% to 90% max HR 
 
low intensity: <50% max 
HR 
 
5 min 
 
 
20 min 
 
 
 
25 min 
 
 
10 min 
 
Total: 1hour 
 
3.12 Data Analysis  
The data were analysed using descriptive and inferential statistics. Descriptive statistics employs 
a technique whereby raw data are utilised to produce more logical and understandable 
information (Gravetter, 2005). The raw data gathered from the testing protocol for the 
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parameters of body mass (kg); height (cm); body fat (%); functional core muscular strength 
endurance (number of repetitions; sec); hamstring flexibility (cm); abdominal endurance 
(number of repetitions); upper body muscular strength (one repetition maximum in kilograms); 
upper body muscular endurance (number of repetitions); lower body strength (one repetition 
maximum in kilograms)l and static balance (sec), were then analysed and presented in the form 
of means and standard deviations. 
The descriptive data was organised in a tabular and graphical format to ensure representation of 
the entire set of values obtained for every variable. Inferential statistics were then employed to 
make general statements about the participants (Gravetter and Wallnau, 2005). One-and two-way 
sample and independent t-test analysis was undertaken to determine whether any differences 
existed between the experiment and the comparison group for the selected variables (Babbie, 
2007). The independent t-tests were performed to determine statistically significant group and 
inter-group variances at the pre- and post-tests for all selected dependant variables. Each variable 
was tested at a significance level of 95 % probability (p <0.05). Practical significance was 
indicated by the interpretation of Cohen’s d values where d = 0.20, 0.50 and 0.80, respectively 
indicated small, moderate and large size effects (Anderson, Sweeney and Williams, 2003). 
 
3.13 Ethical Considerations 
Ethics can be described as yardsticks conforming to the specific standards of conduct of a given 
profession or group (Babbie, 2007). Ethical principles during the research were applied to guide 
the conduct of the researcher, to prevent harm to the participants. Approval by the NMMU 
Human Ethics Committee was sought before commencing this study (Reference number: 
HO6HH - 025). Permission was formally granted by the relevant committee in October 2010. All 
participation in this study was voluntary, and all participants were made aware of this, before 
they agreed to participate. The researcher was available to answer any queries throughout the 
research process. Each participant received a letter prior to signing the health and exercise-
related screening questionnaire form (see Appendices A and B) explaining all of the above.  
80 
 
Participants were encouraged to ask questions during the data collection process, and to voice 
any concerns they might have had regarding any testing procedure and training requirements that 
occurred thereafter. Each participant’s results were treated confidentially during the data 
collection process. 
Research represents an intrusion into peoples’ lives. No harm was inflicted on any of the 
participants. Participants were informed of the potential risks of muscular-skeletal injuries and 
were required to sign a statement indicating that they were aware of the risks, yet chose to 
participate nevertheless (De Vos et al, 2007). Furthermore, confidentiality was guaranteed, as 
neither the researcher nor the reader of the findings was able to identify a given response with a 
specific respondent. The researcher ensured confidentiality by not revealing or discussing any 
results with any of the other participants (Babbie, 2007). 
The final written report was as accurate as possible, objective, clear, unambiguous and contained 
all the essential information. All slanting emphases towards bias of the results were regarded 
unethical, and were avoided. Furthermore, plagiarism is a serious offence; therefore, all 
recognition was given to sources consulted, together with people who collaborated. Additionally, 
all limitations were revealed regarding the study. Lastly, participants were informed about the 
findings in an objective manner, without impairing the principle of confidentiality (De Vos et al 
2007). 
 
3.14 Summary 
A quasi-experimental research design was utilised to gain insight into the differences between 
the experimental and comparison groups, over the 12-week intervention period, for the selected 
physical fitness parameters in martial artists. Purposive and snowball sampling techniques were 
employed, with a randomised allocation of martial artists into the two groups. The gymnasium-
based training programme was designed according to the NCSA’s principles of resistance 
training. The experimental group participated in the gymnasium-based resistance training 
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programme twice per week, augmenting two dojo training sessions. The comparison group 
performed four dojo training sessions per week.  
Results were analysed using both descriptive and inferential statistical techniques, to determine 
the effect of the intervention. The analysis of the results for all selected dependant variables will 
be addressed in Chapter Four. 
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CHAPTER FOUR: RESULTS 
 
4.1 Introduction 
Data related to this research, investigating the effect, in sub-elite martial artists, of a gymnasium-
based resistance training programme, augmenting conventional dojo training, was gathered from 
participants prior and subsequent to a 12-week intervention. Scores obtained for the dependent 
variables were processed and analysed, to describe the impact of the training programme on 
selected physical fitness parameters. 
These variables consisted of anthropometric measures, involving height; weight; and body fat 
percentage. Additional variables assessed incorporated functional core strength; hamstring 
flexibility; muscular strength; muscular endurance; and static balance. Each of these parameters 
was tested at a 95% level of probability (p <0.05), as recommended by Thomas and Nelson 
(2001). Throughout the discussion of the results obtained during this study, the mean was 
reported on, as a descriptive statistic measure for the selected physical fitness parameters. 
Descriptive data was then translated into tabular form. 
Measures of variability or dispersion of data were analysed and recorded, relative to the range of 
scores, minimum and maximum values and standard deviations (SD). The variance was the 
measure of variability that utilised all raw data and is based on the divergence between the value 
of each observation and the mean; whereas the standard deviation is defined as the positive 
square root of the variance, as indicated by Gravetter et al, (2005). T-tests (one- and two-way 
sample and independent t-test) were used to determine intra-group and inter-group differences 
for the selected dependent variables, and to compare the significance of the differences between 
the groups. Practical significance was assessed by using Cohen’s d, to provide further evidence 
of the potential impact, in sub-elite martial artists, of the gymnasium-based resistance training 
programme, on selected physical fitness parameters. 
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4.2 Anthropometric Measures 
Descriptive results for height, weight and percentage of body fat, are indicated in Table 4.1. 
4.2.1 Height  
The mean height for the experimental and comparison groups did not increase or decrease during 
the 12-week intervention period. As the participants were adults, no significant changes in the 
height variable were anticipated. The mean height ranged from 179.09cm at the pre-test to 
179.00cm when measured at the post-test assessment in the experimental group. The mean 
height ranged from 177.67cm to 177.92cm in the comparison group. It is evident from the 
results, depicted in Table 4.1, that the experimental group was 2.33cm taller than the comparison 
group. Slight differences in height recorded may be attributed predominantly to postural 
fluctuations and the variation in the time of the day being tested. 
Inferential statistical analysis, in the form of t-tests, indicated no significant intra- or inter-group 
differences in the mean height prior or subsequent to the 12-week intervention; therefore 
practical significance was not relevant, as indicated in Table 4.2. 
4.2.2 Body Mass 
Body mass in the experimental group ranged from 70.48kg to 99.00kg, with the comparison 
group extending from 57.86kg to 118.40kg prior to the intervention, as illustrated in Table 4.1. 
From the aforementioned, a significantly wider range of scores for body mass in the comparison 
group is noted. The mean body mass of the experimental group, prior to the intervention was 
82.16kg and 81.87kg after the 12 weeks gymnasium-based resistance training programme. The 
comparison group obtained a mean body mass of 85.10kg at the pre-test and 85.03kg at the post-
test. There is a clear demonstration of a decrease in the mean body mass of both groups; with the 
experimental group obtaining a 0.19kg mean body mass decrease, while the comparison group 
experienced a 0.06kg decrease.  
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No statistically significant intra-group differences were found for body mass, in either the 
experimental (t = 0.35, p = 0.736) or comparison group (t = 0.11, p = 0.918), between the pre-test 
and post-test assessments. No statistically significant intergroup differences were found between 
the experimental and comparison groups (t = 0.02, p = 0.981), subsequent to the 12-week 
intervention period. Results are displayed in Table 4.2. 
4.2.3 Percentage of Body Fat 
Results for percentage body fat, as displayed in Table 4.1, reveals mean values of 16.99% prior 
to, and 15.57% subsequent to, the intervention period for the experimental group. The 
comparison group obtained a percentage body fat of 18.99% before, with a value of 18.64% 
after, the 12 week dojo training programme. The results, as indicated in Table 4.1, for percentage 
body fat, illustrate that the experimental group experienced a greater decrease, compared to the 
comparison group after the intervention. The experimental and comparison groups experienced a 
mean percentage body fat decrease of 1.42% and a 0.35%, respectively.  
No statistically significant intra-group differences were found for percentage body fat, in either 
the experimental (t = 2.45, p= 0.034) or comparison group (t = 0.73, p = 0.478), between the pre-
test and post-test assessments. No statistically significant intergroup differences were found for 
percentage body fat, in either of the groups (t = 0.58, p = 0.024), following the 12-week 
intervention period. Results are exhibited in Table 4.2. 
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Table 4.1: Results for Anthropometric Measures 
 (Height, Body Mass and Percentage of Body Fat) 
VARIABLE 
EXPERIMENTAL GROUP (N=11) COMPARISON GROUP (N=12) 
Pre Post Diff. Pre Post Diff. 
Height (cm) 
Mean 179.09 179.00 -0.09 177.67 177.92 0.25 
SD 6.69 6.86 0.30 5.60 5.81 0.45 
Min 168.00 167.00 -1.00 168.00 168.00 0.00 
Quartile 1 174.50 174.50 0.00 174.75 174.75 0.00 
Median 180.00 180.00 0.00 177.00 177.50 0.00 
Quartile 3 181.50 181.50 0.00 183.25 183.50 0.25 
Maximum 191.00 191.00 0.00 185.00 186.00 1.00 
Body Mass (kg) 
Mean 82.16 81.97 -0.19 85.10 85.03 -0.06 
SD 8.37 7.59 1.78 17.92 18.24 2.08 
Min 70.48 70.60 -3.50 57.86 57.50 -2.70 
Quartile 1 76.20 76.86 -0.85 76.84 76.79 -0.52 
Median 83.10 83.50 0.00 80.75 80.20 -0.39 
Quartile 3 86.06 85.40 0.97 95.83 93.87 0.15 
Maximum 99.00 96.20 2.02 118.40 118.30 5.50 
Percentage Body Fat (%) 
Mean 16.99 15.57 -1.42 18.99 18.64 -0.35 
SD 3.74 3.50 1.93 6.22 5.79 1.64 
Min 11.44 9.92 -5.50 10.84 11.57 -2.41 
Quartile 1 14.99 13.42 -2.04 13.37 13.48 -1.47 
Median 16.48 15.98 -0.77 18.97 17.77 -0.49 
Quartile 3 17.68 17.30 0.00 22.54 22.45 0.47 
Maximum 24.81 21.74 0.61 32.78 30.37 3.26 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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Table 4.2: Intra-Group and Inter-Group Differences for Anthropometric Measures 
 (Height, Body Mass and Percentage of Body Fat) 
VARIABLE 
PRE VS POST EXP. VS COM. 
EXP. COM. PRE POST DIFF. 
Height (cm) 
Mean Difference (Md) -0.09 0.25 1.42 1.08 -0.34 
t-test (t) -1.00 1.91 0.56 0.41 -0.19 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.341 0.082 0.584 0.686 0.848 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.08 
Body Mass (kg) 
Mean Difference (Md) -0.19 -0.06 -2.94 -3.06 -0.13 
t-test (t) -0.35 -0.11 -0.50 -0.52 -0.02 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.736 0.918 0.625 0.611 0.981 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.01 
Percentage Body Fat (%) 
Mean Difference (Md) -1.42 -0.35 -2.00 -3.08 -1.07 
t-test (t) -2.45 -0.73 -0.92 -1.52 -0.58 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.034 0.478 0.367 0.143 0.566 
Cohen’s d (d) 0.74 n.a. n.a. n.a. 0.24 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
 
4.3 Functional Core Muscular Endurance 
Functional core muscular endurance was appraised utilising three different assessment batteries, 
viz. the V-sit; the unilateral side bridge, for right and left sides; and the one minute sit-up test. 
Although both the experimental and comparison groups exhibited measured improvements, in all 
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four variables of abdominal endurance, as exemplified in Tables 11; 13; and 14, none of these 
changes were statistically significant. 
4.3.1 V-Sit  
The mean duration, measured in seconds, for the experimental group performing the V-sit test 
prior to the intervention, was 92.82 seconds, which increased to 97.00 seconds, on completion of 
the 12-week gymnasium-based resistance training programme. The comparison group obtained a 
mean duration of 102.92 seconds at the pre-test, improving to 104.25 seconds at the post-test 
assessment. An increase in the mean duration performing the V-sit position for both groups was 
apparent. The experimental group obtained 4.18 seconds mean time increase, while the 
comparison group experienced a 1.33 second mean increase for the same variable. The mean 
duration in performing the V-sit test ranged from 3 seconds to 360 seconds in the experimental 
group, with values of 16 seconds to 300 seconds in the comparison group, prior to the 
intervention. Post-intervention, the experimental group obtained a mean duration range of 20 to 
325 seconds and the comparison group, exhibiting a smaller range of scores, from 33 to 290 
seconds. Descriptive results for the V-sit are provided in Table 4.3. 
No statistically significant intra-group differences were found for the mean duration performing 
the V-sit test, in either the experimental group (t = 0.37, p = 0.719) or comparison group (t= 
0.25, p= 0.804), between the pre- and post-test assessments. Furthermore, no statistically 
significant intergroup differences were found between the experimental and comparison groups 
(t = 0.12, p = 0.909) following the 12-week intervention period. Results are presented in Table 
4.4. 
4.3.2 Unilateral Side Bridge (L) 
The mean duration in performing the unilateral bridge ranged from 51 to 126 seconds for the 
experimental group, with a range of 32 to 157 seconds for the comparison group, prior to the 
intervention. The experimental group obtained a mean duration gamut of scores from 79 to 144 
seconds and the comparison group displayed a range from 37 to 160 seconds, post-intervention. 
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Results for the unilateral side bridge, relative to the left side, as depicted in Table 4.3, indicated a 
mean duration increase from 88.82 to 98.64 seconds, after the intervention in the experimental 
group; with the comparison group obtaining a mean increase of 87.67 seconds prior to, and 93.42 
seconds following the 12-week dojo training programme for this variable. The results in Table 
4.4 reveal that the experimental group displayed greater mean duration values for the pre- and 
post-assessments, contrasted to the comparison group. The experimental group experienced a 
mean duration increase of 9.82 seconds, with the comparison group managing 5.75 seconds, after 
the intervention. 
No statistically significant intra-group differences were found in the performance of the 
unilateral side bridge, relative to the left side, in either the experimental (t = 1.99, p= 0.075) or 
comparison group (t = 1.25, p = 0.236), between the pre-test and post-test assessments. No 
statistically significant intergroup differences were found between the experimental and 
comparison groups (t = 0.31, p = 0.762) following the 12-week intervention period. Results are 
shown in Table 4.4. 
4.3.3 Unilateral Side Bridge (R) 
Results for the unilateral side bridge, relative to the right side, as exhibited in Table 4.3, for the 
experimental group, indicated mean duration values of 90.45 seconds prior and 106.64 seconds 
subsequent to the intervention period. The comparison group obtained mean duration values, 
performing the unilateral side bridge, for the right side, of 82.67 seconds prior to, and 90.83 
seconds after, the 12-week dojo training programme. The mean duration performing the 
unilateral side bridge, to the right side, ranged from 47 to 120 seconds for the experimental 
group, with values extending from 29 to 177 seconds in the comparison group, prior to the 
intervention. Results in Table 4.3 confirm that the experimental group displayed greater mean 
duration values for the pre- and post-test assessments, as compared to the comparison group. The 
experimental group experienced a mean duration increase of 16.18 seconds, versus the 
comparison group increase of 8.17 seconds, after the intervention. Post-intervention, the 
experimental group obtained a mean duration range of scores from 57 to 195 seconds, with the 
comparison group exhibiting a range of scores from 40 to 175 seconds. 
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No statistically significant intra-group differences were found for the unilateral side bridge, 
corresponding to the right side, in either the experimental (t = 1.60, p= 0.140) or comparison 
group (t = 1.91, p = 0.083), between the pre-test and post-test assessments. No statistically 
significant intergroup differences were found between the experimental and comparison groups 
(t = 0.75, p = 0.460) following the 12-week intervention period. Results are portrayed in Table 
4.4. 
4.3.4 One Minute, Abdominal Endurance Sit-Up Test  
The mean number of repetitions performed by the experimental group before the intervention 
was 42, which increased to 45 repetitions subsequent to the 12-weeks gymnasium-based 
resistance training programme. The comparison group obtained a mean of 43 repetitions at the 
pre-test, with a mean of 46 repetitions at the post-test assessment. An increase in the mean 
number of repetitions, performing the one-minute abdominal endurance test, was apparent for 
both groups. Both the experimental and comparison groups displayed a mean increase of three 
repetitions, each. Initially, the mean number of repetitions in performing the one-minute 
abdominal endurance test in the experimental group ranged from 15 to 62 repetitions; with the 
comparison group managing a range which varied from 28 to 58 repetitions. Post-intervention, 
the experimental group obtained a range of 20 to 58 repetitions and the comparison group 29 to 
60 repetitions. The summary of results is delineated in Table 4.3. 
No statistically significant intra-group differences were found, for the one minute abdominal 
endurance sit-up test, in either the experimental (t = 2.10, p= 0.062) or comparison group (t = 
2.59, p = 0.025), between the pre-test and post-test assessments. Additionally, no statistically 
significant intergroup differences were found between the experimental and comparison groups 
(t = 2.01, p = 0.057) following the 12 week intervention period. Results are represented in Table 
4.4. 
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Table 4.3: Results for All Variables to Assess Functional Core Muscular Endurance 
 (V-Sit Test; Unilateral Side Bridging Test; One Minute Abdominal Sit –Up Test) 
VARIABLE 
EXPERIMENTAL (N=11) COMPARISON (N=12) 
PRE POST DIFF. PRE POST DIFF. 
V- sit 
Mean 92.82 97.00 4.18 102.92 104.25 1.33 
SD 100.03 86.41 37.48 76.45 73.39 18.16 
Min 3.00 20.00 -63.00 16.00 33.00 -50.00 
Quartile 1 46.50 45.00 -12.00 66.50 69.25 1.50 
Median 55.00 70.00 4.00 82.00 84.50 5.00 
Quartile 3 87.50 128.00 22.50 101.00 98.75 8.50 
Maximum 360.00 325.00 80.00 300.00 290.00 22.00 
Unilateral Side Bridge (L) (sec) 
Mean 88.82 98.64 9.82 87.67 93.42 5.75 
SD 23.83 27.66 16.39 37.75 40.95 15.90 
Min 51.00 55.00 -6.00 32.00 37.00 -23.00 
Quartile 1 76.50 79.00 -1.50 63.75 65.25 1.75 
Median 85.00 93.00 2.00 79.50 93.00 3.50 
Quartile 3 105.00 120.00 20.50 112.25 125.25 6.75 
Maximum 126.00 144.00 45.00 157.00 160.00 47.00 
Unilateral Side Bridge (R) (sec)  
Mean 90.45 106.64 16.18 82.67 90.83 8.17 
SD 21.05 40.61 33.52 39.27 36.84 14.85 
Min 47.00 57.00 -21.00 29.00 40.00 -8.00 
Quartile 1 78.50 75.50 -1.00 59.25 63.50 -2.25 
Median 95.00 105.00 0.00 73.00 95.50 2.50 
Quartile 3 104.50 123.50 24.00 98.25 106.50 14.00 
Maximum 120.00 195.00 102.00 177.00 175.00 40.00 
Abdominal Endurance (one minute sit-up test) 
Mean 42.09 44.91 2.82 43.00 46.33 3.33 
SD 13.16 10.35 4.45 8.26 9.59 4.46 
Min 15.00 20.00 -7.00 28.00 29.00 -2.00 
Quartile 1 35.00 41.00 0.50 40.75 43.00 -0.25 
Median 44.00 47.00 3.00 42.50 47.50 2.00 
Quartile 3 49.00 51.00 5.50 48.50 52.25 6.50 
Maximum 62.00 58.00 9.00 58.00 60.00 11.00 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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Table 4.4: Intra-Group and Inter-Group Differences for Functional Core Abdominal Muscular Endurance 
 (V-Sit Test; Unilateral Side Bridging Test; One Minute Abdominal Sit-Up Test) 
VARIABLE 
PRE VS POST EXP. VS COM. 
EXP. COM. PRE POST DIFF. 
V- sit (sec) 
Mean Difference (Md) 4.18 1.33 -10.10 -7.25 2.85 
T-test (t) 0.37 0.25 -0.27 -0.22 0.12 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
P-value (p) 0.719 0.804 0.787 0.830 0.909 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.05 
Unilateral Side Bridge (L) (sec) 
Mean Difference (Md) 9.82 5.75 1.15 5.22 4.07 
T-test (t) 1.99 1.25 0.09 0.35 0.31 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.075 0.236 0.932 0.726 0.762 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.13 
Unilateral Side Bridge (R) (sec) 
Mean Difference (Md) 16.18 8.17 7.79 15.80 8.01 
T-test (t) 1.60 1.91 0.58 0.98 0.75 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.140 0.083 0.565 0.339 0.460 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.31 
Abdominal Endurance (one minute sit-up test) 
Mean Difference (Md) 2.82 3.33 -0.91 -1.42 3.74 
T-test (t) 2.10 2.59 -0.20 -0.34 2.01 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.062 0.025 0.843 0.735 0.057 
Cohen’s d (d) n.a. 0.75 n.a. n.a. 0.84 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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4.4 Hamstring Flexibility 
Hamstring flexibility was measured utilising the straight leg raise, in conjunction with the sit-
and-reach test, which singularly, and bilaterally, assessed the flexibility of the hamstring muscle 
group. The rationale for using the straight leg raise test, in addition to the bilateral sit-and-reach 
test, was to determine whether a difference existed between the dominant and non-dominant 
legs, relative to hamstring flexibility. 
4.4.1 Hamstring Flexibility (Right Straight Leg Raise Test [R]) 
The mean range of motion attained in the right straight leg raise test was 97.45 degrees in the 
experimental group prior to the intervention and 91 degrees after the 12-weeks gymnasium-based 
resistance training programme. The comparison group obtained a mean range of motion of 83.67 
degrees at the pre-test and a mean of 81.67 degrees at the post-test assessment period. Results 
indicate a decrease in the mean range of motion, in the performance of the straight leg raise test, 
for both groups. The experimental and comparison groups displayed, respectively, a mean 
decrease of 6.45 degrees and 2 degrees. The mean range of motion of the hamstring muscle 
group, for the right leg, in the experimental group ranged from 78 to 118 degrees prior to the 
intervention, while the comparison group displayed a mean range of motion of 39 to 107 
degrees. Results are portrayed in Table 4.5. 
No statistically significant intra-group differences were found for the straight leg raise test, in 
either the experimental (t = 2.51, p= 0.031) or comparison group (t = 0.53, p = 0.605), between 
the pre-test and post-test assessments. As represented in Table 4.6, no statistically significant 
intergroup differences were found between the experimental and comparison groups (t = -0.96, p 
= 0.348) pursuant to the 12-week intervention period. Aforementioned results are illustrated in 
Table 4.6. 
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4.4.2 Hamstring Flexibility (Left Straight Leg Raise Test [L]) 
The mean range of motion attained by the experimental group prior to the intervention was 93.82 
degrees and 87.36 degrees after the 12-week gymnasium-based resistance training programme, 
when conducting the left straight leg raise test. The experimental group displayed a mean 
decrease of 6.45 degrees, with the comparison group obtaining an increase of 2.08 degrees, as 
presented in Table 4.5. The mean range of motion of the hamstring muscle group, for the left leg, 
in the experimental group ranged from 75 to 123 degrees. Prior to the intervention, the 
comparison group displayed a range, in hamstring flexibility of the left leg, of 47 to 96 degrees. 
Post-intervention, the experimental group obtained a range of motion of 74 to 104 degrees in the 
left hamstring flexibility; with as reflected in Table 4.5, the comparison group exhibiting a mean 
range of 65 to 90 degrees, in hamstring flexibility of the left leg. 
No statistically significant intra-group differences were found for the left straight leg raise test, in 
either the experimental (t = 2.62, p= 0.026) or comparison group (t = 0.98, p = 0.350), between 
the pre-test and post-test assessments. Results displayed in Table 4.6 illustrate no statistically 
significant differences between the experimental and comparison groups (t = -1.36, p = 0.187) 
following the 12-week intervention period.  
4.4.3 Hamstring Flexibility (Sit-and-Reach Test) 
The mean range of motion in the hamstring muscles, achieved in the performance of the sit-and-
reach test, was 50.88cm at the pre-test and 51.50cm in the post-test assessment, within the 
experimental group. The comparison group obtained a mean score of 48.48cm prior to and 
48.92cm subsequent to the intervention. Table 4.5 reveals an increase in the mean hamstring 
flexibility scores for both groups. The experimental group garnered a 0.62cm increase in range of 
motion, while the comparison group experienced a 0.43cm increase in hamstring flexibility, as 
measured by the sit-and-reach test. The scores for the experimental group ranged from 28 to 
63cm, with in the comparison group scores extending from 29 to 62cm at the pre-test 
assessment. Post-intervention scores for the experimental group ranged from 28 to 67cm, while 
the range achieved in the comparison group varied from 28 to 64cm. No statistically significant 
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intra-group differences were found for hamstring flexibility, as measured by the sit-and-reach 
test, in either the experimental group (t = 0.87, p= 0.402) or comparison group (t = 0.63, p = 
0.543), between the pre-test and post-test assessments. Table 4.6 depicts the results, and indicates 
no statistically significant intergroup differences in hamstring flexibility, between the two groups 
(t = 0.19, p = 0.850) in the post-intervention period. 
Table 4.5: Results for Hamstring Flexibility 
 (Straight Leg Raise Right (R) and Left (L) Test, Sit-and-Reach Test) 
VARIABLE 
EXPERIMENTAL (N=11) COMPARISON (N=12) 
PRE POST DIFF. PRE POST DIFF. 
Hamstring (R) 
Mean 97.45 91.00 -6.45 83.67 81.67 -2.00 
SD 11.78 8.93 8.52 18.29 10.24 13.00 
Min 78.00 70.00 -23.00 39.00 65.00 -25.00 
Quartile 1 93.00 87.50 -10.00 76.75 76.50 -5.00 
Median 95.00 93.00 -3.00 86.50 82.00 -1.50 
Quartile 3 102.50 95.00 -0.50 94.50 84.75 1.00 
Maximum 118.00 103.00 3.00 107.00 104.00 31.00 
Hamstring (L) 
Mean 93.82 87.36 -6.45 80.58 82.67 2.08 
SD 14.39 9.80 8.17 13.31 7.20 7.39 
Min 75.00 74.00 -19.00 47.00 65.00 -11.00 
Quartile 1 83.50 79.00 -14.50 75.50 80.75 -1.00 
Median 95.00 85.00 -4.00 83.00 84.00 0.00 
Quartile 3 96.50 92.50 0.00 90.25 88.25 4.00 
Maximum 123.00 104.00 2.00 96.00 90.00 18.00 
Sit-and-Reach Test 
Mean 50.88 51.50 0.62 48.48 48.92 0.43 
SD 9.39 9.77 2.35 10.83 10.97 2.39 
Min 28.00 28.00 -2.00 29.00 28.00 -3.00 
Quartile 1 48.50 50.50 -0.70 44.75 44.00 -1.00 
Median 53.00 53.00 0.00 50.50 51.00 0.50 
Quartile 3 55.90 55.00 0.60 55.50 57.25 2.00 
Maximum 63.00 67.00 6.00 62.00 64.00 5.20 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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Table 4.6: Intra-Group and Inter-Group Differences for Hamstring Flexibility 
 (Straight Leg Raise Right (R) and Left (L) Test, Sit-and-Reach Test) 
VARIABLE 
PRE VS POST EXP. VS COM. 
EXP. COM. PRE POST DIFF. 
Hamstring (R) (deg) 
Mean Difference (Md) -6.45 -2.00 13.79 9.33 -4.45 
T-test (t) -2.51 -0.53 2.13 2.32 -0.96 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
P-value (p) 0.031 0.605 0.045 0.030 0.348 
Cohen’s d (d) 0.76 n.a. 0.92 0.97 0.40 
Hamstring (L) (deg) 
Mean Difference (Md) -6.45 2.08 13.23 4.70 -4.37 
T-test (t) -2.62 0.98 2.29 1.32 -1.36 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.026 0.350 0.032 0.202 0.187 
Cohen’s d (d) 0.79 n.a. 0.96 n.a. 0.57 
Sit-and-Reach (cm) 
Mean Difference (Md) 0.62 0.43 2.40 2.58 0.19 
T-test (t) 0.87 0.63 0.57 0.59 0.19 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.402 0.543 0.578 0.559 0.850 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.08 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
 
4.5 Muscular Strength 
4.5.1 Lower Body Muscular Strength  
Results for the one repetition, maximum squat test enabled the researcher to ascertain the lower 
body strength capabilities of each participant. The mean lower body strength of the experimental 
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group was 106.18kg prior to the intervention and 124.81kg after the 12-week gymnasium-based 
resistance training programme. The comparison group obtained mean lower body strength scores 
of 109.12kg at the pre-test and 115.60kg at the post-test period. An increase, for both groups, in 
the mean lower body strength, was apparent. The experimental group obtained an 18.63kg mean 
lower body strength increase, while the comparison group experienced a 6.49kg increase. Prior 
to the intervention, the mean lower body strength scores in the experimental group ranged from 
75.60kg to 139.65kg, while the comparison group displayed a range of scores from 70.00kg to 
189.00kg. Post-intervention, the experimental group revealed a range of mean lower body 
strength scores between 86.40 to 163.80kg, with the range varying from 69.60 to 189.00kg in the 
comparison group. Descriptive results are portrayed in Table 4.7. 
No statistically significant intra-group differences, for mean lower body strength, were evident, 
in either the experimental (t = 3.31, p = 0.008) or comparison group (t = 1.56, p = 0.147), 
between the pre-test and post-test assessments. Results are displayed in Table 4.8. No 
statistically significant differences intergroup were found between the experimental and 
comparison groups (t = 1.04, p = 0.311), for lower body strength, pursuant to the 12-week 
intervention period. 
4.5.2  Upper Body Muscular Strength 
Results indicated a mean upper body muscular strength increase, in the experimental group, from 
94.08kg at the pre-test to 98.54kg following the 12-week gymnasium-based resistance training 
programme. The comparison group obtained a mean upper body muscular strength score of 
85.15kg prior to the intervention and 86.05kg after the dojo training programme. Table 4.7 
depicts the respective 4.46kg and 0.90kg increases for this variable, in the experimental and 
comparison groups; clearly revealing that both groups accomplished an increase in upper body 
muscle strength. Prior to the intervention, for this variable, the experimental group’s scores 
ranged from 65.00kg to 129.15kg, with the comparison group displaying a range from 50.00kg to 
110.25kg. On completion of the 12-week intervention, the experimental group realised a range of 
mean upper body muscular strength scores from 65.00kg to 129.15kg, while the comparison 
group’s scores extended from 52.50kg to 112.00kg, as reflected in Table 4.7. 
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Neither the experimental group (t = 2.02, p = 0.071) nor the comparison group (t = 0.54, p = 
0.600) achieved statistically significant intra-group differences in mean upper body muscle 
strength score differentiation, after the intervention period; as results displayed in Table 4.8 
illustrate. No significant statistical intergroup differences were found between both groups (t = 
0.56, p = 0.579) subsequent to the 12-week intermediation. 
4.5.3  Upper Body Muscular Endurance 
The mean number of repetitions performed by the experimental group, when conducting the one 
minute, upper body muscular endurance push-up test, prior to the intervention was 43 repetitions 
prior and 50 repetitions subsequent to the 12-week gymnasium-based resistance training 
programme. The comparison group obtained a mean of 37 repetitions at the pre-test and a mean of 
41 repetitions at the post-test assessment period. An increase in the mean number of repetitions 
performing the one-minute upper body muscular endurance push-up test was apparent for both 
groups. The experimental and comparison groups exhibited a respective mean increase of seven 
and four repetitions. Prior to the intervention, the mean number of repetitions, performed during 
the one-minute upper body muscular endurance push-up test, by the experimental group, ranged 
from 25 to 67 repetitions, with the comparison group managing a range of 16 to 73 repetitions. 
Post intervention, the experimental group obtained a range of 30 to 70 repetitions while the 
comparison group completed a mean span of from 16 to 69 repetitions. The results are summarised 
in Table 4.7.  
No statistically significant intra-group differences were found for the one minute, upper body 
muscular endurance test in either the experimental (t = 2.46, p= 0.034) or comparison group (t = 
1.62, p = 0.133) between the pre-test and post-test assessments. Results are presented in Table 
4.8 and reveal no statistically significant intergroup differences for this variable, between the 
experimental and comparison groups (t = 0.66, p = 0.599), subsequent to the 12-week 
intervention period. 
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Table 4.7: Results for Muscular Strength and Endurance 
 (Lower Body Muscular Strength, Upper Body Muscular Strength and Endurance Test) 
VARIABLE 
EXPERIMENTAL (N=11) COMPARISON (N=12) 
PRE POST DIFF. PRE POST DIFF. 
Lower Body Muscular Strength 
Mean 106.18 124.81 18.63 109.12 115.60 6.49 
SD 21.37 23.79 18.67 31.68 34.40 14.39 
Min 75.60 86.40 0.00 70.00 69.60 -16.00 
Quartile 1 93.60 110.50 5.55 85.80 93.08 -1.15 
Median 100.80 119.70 15.20 108.00 107.20 3.50 
Quartile 3 124.00 142.10 23.33 118.13 136.16 11.85 
Maximum 139.65 163.80 61.20 189.00 189.00 36.30 
Upper Body Muscular Strength 
Mean 94.08 98.54 4.46 85.15 86.05 0.90 
SD 20.89 18.12 7.33 20.97 19.67 5.75 
Min 65.00 65.00 -8.40 50.00 52.50 -13.05 
Quartile 1 79.40 87.50 0.00 74.20 76.98 0.97 
Median 90.00 95.00 2.70 88.20 85.90 2.25 
Quartile 3 113.40 108.50 10.75 103.10 101.03 3.00 
Maximum 129.15 129.15 14.50 110.25 112.00 9.70 
Upper Body Muscular Endurance 
Mean 42.55 49.73 7.18 37.33 41.00 3.67 
SD 14.20 13.80 9.68 18.13 15.11 7.82 
Min 25.00 30.00 -9.00 16.00 16.00 - 4.00 
Quartile 1 32.00 40.00 0.00 19.75 32.50 -1.25 
Median 40.00 46.00 7.00 37.00 40.50 2.00 
Quartile 3 52.50 60.50 12.50 47.00 49.00 5.00 
Maximum 67.00 70.00 23.00 73.00 69.00 25.00 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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Table 4.8: Intra-Group and Inter-Group Differences for Muscular Strength and Endurance 
 (Lower Body Muscular Strength, Upper Body Muscular Strength and Endurance Test) 
VARIABLE 
PRE VS POST EXP. VS COM. 
EXP. COM. PRE POST DIFF. 
Lower Body Muscular Strength (kg) 
Mean Difference (Md) 18.63 6.49 -2.94 9.20 12.14 
T-test (t) 3.31 1.56 -0.26 0.74 1.04 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
P-value (p) 0.008 0.147 0.799 0.468 0.311 
Cohen’s d (d) 1.00 n.a. n.a. n.a. 0.43 
Upper Body Strength (kg) 
Mean Difference (Md) 4.46 0.90 8.92 12.49 3.56 
T-test (t) 2.02 0.54 1.02 1.58 0.56 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.071 0.600 0.319 0.129 0.579 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.24 
Upper Body Muscular Endurance 
Mean Difference (Md) 7.18 3.67 5.21 8.73 3.51 
T-test (t) 2.46 1.62 0.76 1.44 0.66 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) 0.034 0.133 0.454 0.164 0.599 
Cohen’s d (d) 0.74 n.a. n.a. n.a. 0.27 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
 
4.6 Static Balance (Single Leg Stork Stand) 
4.6.1 Static Balance (Right Leg)  
The mean performance duration for the unilateral static balance test, for the right leg, ranged 
from 2 to 20 seconds in the experimental group and from 2 to 41 seconds in the comparison 
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group, prior to the intervention. Results for static balance on the right supporting leg, as 
displayed in Table 4.9, reveal mean duration values of 7.55 seconds prior and 22.00 seconds 
subsequent to the intervention period in the experimental group. The comparison group obtained 
mean duration values of 15.25 seconds before and 19.33 seconds after the 12-week dojo training 
programme. Results presented in Table 4.9 indicate that the experimental group experienced a 
14.45 seconds increase, illustrating subsequently enhanced static balance on the right leg, while 
the corresponding improvement in balance was 4.08 seconds for the comparison group, once the 
intervention was complete. Post intervention, the experimental group obtained a mean duration 
range of scores from 2 to 81 seconds, with the comparison group managing 4 to 75 seconds. As 
indicated in Table 4.10, no significant statistical intra-group differences were found, for static 
balance, relative to the right supporting leg, in either the experimental (t = 2.42, p= 0.036) or 
comparison group (t = 0.89, p = 0.393), between the pre-test and post-test assessments. No 
significant statistical intergroup differences were found between the experimental and 
comparison groups (t = 1.24, p = 0.230) following the 12-week intervention period. 
4.6.2 Static Balance (Left Leg) 
Results for the static balance test, corresponding to the left supporting leg, are presented in Table 
4.9, with mean duration values of 7.55 seconds prior to, and 21.18 seconds after, the intervention 
period, for the experimental group. The comparison group obtained mean duration values for this 
variable, which fluctuated from a pre-intervention score of 9.33 seconds, to 19.00 seconds after 
the 12-week dojo training programme. Results in Table 4.9 illustrate that the experimental group 
exhibited a poorer performance, on the left supporting leg, for static balance, than the 
comparison group did, at the pre-test. This deficit in static balance was overcome in the post-
assessment, as the experimental group increased their duration by 13.64 seconds, while the 
comparison group augmented their score by 9.67 seconds. The mean performance duration prior 
to the intervention ranged from 3 to 12 seconds for the experimental group and between 3 to 25 
seconds in the comparison group. Post intervention, the experimental group obtained a mean 
duration range from 3 to 81 seconds, with the comparison group attaining a range of scores from 
3 to 77 seconds. 
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No statistically significant intra-group differences were found for left supporting leg static 
balance, in either the experimental (t = 1.98, p= 0.076) or comparison group (t = 1.77, p = 
0.104), between the pre-test and post-test assessments. Results are displayed in Table 4.10, 
revealing no significant statistical intergroup differences between the two groups (t = 0.44, p = 
0.665) pursuant to completion of the 12-week intervention period. 
 
Table 4.9: Results of Static Balance for Right and Left Leg 
 (Stork Stand Test) 
VARIABLE 
EXPERIMENTAL (N=11) COMPARISON (N=12) 
PRE POST DIFF. PRE POST DIFF. 
Static Balance (R) 
Mean 7.55 22.00 14.45 15.25 19.33 4.08 
SD 6.47 21.07 19.84 15.03 20.33 15.89 
Min 2.00 2.00 -2.00 2.00 4.00 -34.00 
Quartile 1 2.50 13.00 1.00 4.00 6.75 1.50 
Median 5.00 18.00 11.00 8.50 10.00 2.00 
Quartile 3 11.50 22.00 17.00 23.75 21.50 7.75 
Maximum 20.00 81.00 68.00 41.00 75.00 34.00 
Static Balance (L) 
Mean 7.55 21.18 13.64 9.33 19.00 9.67 
SD 3.47 23.45 22.83 8.38 20.49 18.91 
Min 3.00 3.00 -1.00 3.00 3.00 -16.00 
Quartile 1 4.50 9.00 0.00 4.00 5.00 -1.00 
Median 7.00 11.00 1.00 5.50 13.50 4.00 
Quartile 3 10.50 25.00 19.00 11.25 21.75 15.00 
Maximum 12.00 81.00 69.00 25.00 77.00 59.00 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
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Table 4.10: Intra-Group and Inter-Group for Right and Left Leg 
 (Stork Stand Test) 
VARIABLE 
PRE VS POST EXP. VS COM. 
EXP. COM. PRE POST DIFF. 
Static Balance (R) (sec)) 
Mean Difference (Md) 14.45 4.08 -7.70 2.67 10.37 
T-test (t) 2.42 0.89 -1.57 0.31 1.24 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
P-value (p) 0.036 0.393 0.132 0.760 0.230 
Cohen’s d (d) 0.73 n.a. n.a. n.a. 0.52 
Static Balance (L) (sec) 
Mean Difference (Md) 13.64 9.67 -1.79 2.18 3.97 
T-test (t) 1.98 1.77 -0.66 0.24 0.44 
Degrees of Freedom (d.f.) 10 11 21 21 21.00 
p-value (p) .076 .104 .519 .814 .665 
Cohen’s d (d) n.a. n.a. n.a. n.a. 0.18 
Key to Abbreviations: 
Pre: Pre-Test  Diff: Mean Difference  Exp: Experimental Group 
Post: Post-Test  SD: Standard Deviation  Com: Comparison Group 
   Min: Minimum    
 
4.7 Summary 
This chapter reviewed and encapsulated the statistical analysis undertaken for the data; utilising 
both descriptive and inferential statistics, data was portrayed in tables, to facilitate knowledge 
and generate insight into the results obtained for the selected, dependent variables. Similar 
trends, in performance improvement, were evident for both the experimental and comparison 
groups, in of the majority of the selected physical fitness variables. Based on the descriptive 
results, in anthropometric measures, the experimental group showed greater decreases in body 
mass and percentage of body fat. There were demonstrable improvements, regarding functional 
core muscular endurance, as measured by the V-sit and unilateral side bridge test, for both the 
right and left sides. The experimental group acquired greater increases in upper and lower body 
103 
 
muscular strength and static balance, when paralleled to the comparison group; however none of 
these aforementioned variances were statistically significant, at a 0.05 level of probability.  
Although, results in the comparison group, after the 12-week intervention period, for the one 
minute sit-up test, as a measure of endurance, revealed a slightly greater improvement than 
obtained by the experimental participants, the difference was not statistically significant. 
Additionally, the experimental group yielded greater improvements in bilateral hamstring 
flexibility, relative to the sit-and-reach test; however, this group also exhibited greater reductions 
in range of motion, based on the unilateral straight leg raise test, for both legs, as compared to 
the comparison group. 
Based on inferential statistical analysis of the results, none of the selected dependent variables 
were significantly enhanced after the 12-week intervention period, irrespective of whether the 
traditional dojo programme was utilised exclusively, or augmented by a resistance training 
programme in a gymnasium. 
Despite the lack of statistical significance, these results indicate that a structured and supervised 
resistance training programme in a gymnasium may serve as an alternative method of 
intervention, for improving physical fitness in sub-elite martial artists. Whether this newly 
acquired fitness would translate to enhanced performance needs to be addressed by further 
research. Most importantly, the resistance training programme should be specifically adapted, 
according to the individual practitioner’s strengths and weaknesses, as well as to the type of 
martial art being practised. 
Major findings from the interpretation and discussions in this chapter, relative to the data, will be 
further highlighted in Chapter 5. This ensuing chapter will, additionally supply recommendations 
on ways to garner further insight and scientific knowledge, in order to maximally design 
gymnasium-based resistance training programmes and train martial artists. 
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CHAPTER FIVE: DISCUSSION, CONCLUSION AND 
RECOMMENDATIONS 
 
5.1 Introduction 
The intervention employed in this study required the experimental group to participate in 
biweekly, dojo training, alternating with, and supplemented by, bi-weekly gymnasium-based 
resistance training. Contrastingly, the comparison group participated, exclusively, in four dojo 
training sessions per week. The selected physical fitness-related variables under investigation 
consisted of anthropometric measures, such as height, body mass and body fat percentage; 
hamstring flexibility; functional core muscular endurance; upper and lower body muscular 
strength; upper body muscular endurance; and static balance. 
From the results it is evident that, irrespective of whether the training programme followed took 
place in the gymnasium and/or dojo, both experimental and comparison groups achieved similar 
results. No statistically significant differences were obtained for either of the groups, in any of 
the selected dependent variables tested. The findings will be discussed, according to the research 
objectives set out in Chapter 1.  
 
5.2 Anthropometrical Measures  
5.2.1 Height 
The majority of the participants within this study were, on average, between 25 and 26 years of 
age. As height and growth in stature are normally halted at the age of approximately 25 years 
(Morrow et al 2000), no significant changes in height were anticipated among any of the 
participants. Subtle, small differences measured in height, during the post-test assessments, could 
be attributed to certain factors, for instance, a variation in the time of day that the measurements 
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were taken. Cameron (2002) asserts that humans are usually taller in the morning, than in the 
evening; during normal diurnal activities, the cartilage in joints, specifically in the knees, slowly 
compresses, with a concurrent loss of synovial fluid within the joint capsules, resuming its 
normal position and state during nocturnal rest periods. Kendall, McCreary, Provance and 
Romani (2005) also provide an explanation for the subtle changes in height, contending that 
there is a possibility of shorter muscle fibres, resulting from the impact of a gymnasium-based, 
resistance training programme. 
5.2.2 Body Mass 
Body mass was, essentially, maintained throughout the 12 week intervention period, irrespective 
of whether the participants followed the combined dojo and resistance training programme or the 
conventional dojo training programme exclusively. This finding is deemed favourable for martial 
artists, who are placed in weight categories for competition purposes. These competitors aim to 
engage in contest bouts at the lightest weight possible, in the belief that it offers a competitive 
edge over their opponents (Langan-Evans, Close and Morton, 2011). Additionally, possessing 
excess muscle tissue, brought about by resistance training through inappropriate methods, could 
result in a loss of flexibility and reduce the range of motion required in executing reaching 
strikes, as well as other technical movements (Sterkowicz-Przybycien, 2008). For certain martial 
art styles, for instance kick boxing and most of the striking arts, such an increase in body mass is 
considered undesirable. Jones and Ledford (2012) advise that coaches and martial arts instructors 
should ensure that the resistance training programme instituted should progress incrementally, 
and more specifically be designed to train the muscle groups involved in performing the martial 
art being practiced. Compromising the range of motion and techniques, in pursuit of additional 
strength gains and bulk, should rather be avoided (Ratamess, 2011). 
5.2.3 Percentage of Body Fat 
Body fat is an essential anthropometric component, affects the performance of a martial artist, 
often referred to as metabolic fitness. Lower body fat percentages are associated with better 
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metabolic adaptations for combat requirements and enhanced performance, resulting in a 
heightened tolerance level for high intensity exercise (Franchini, 2005). 
A lower body fat percentage provides a better weight-to-strength ratio, thereby creating an 
enhanced power output to bodyweight ratio. This improved ratio should allow the martial artist 
to accelerate rapidly, propelling the body, and in so doing, provide a surprise element when in 
combat. This signifies that a low percentage of body fat, particularly amongst elite karateka and 
expert martial artists, is an anthropometric characteristic most apposite to meeting the specific 
functional requirements of the sport and art, as put forward by Pujia and Bertini (2003). 
 
5.3 Functional Core Muscular Endurance  
Excellent abdominal muscular endurance, from the superficial through to the deeper layers, is of 
key importance in the repertoire of physical fitness skills in a martial artist (Markovic et al 
2005). During long training sessions, the abdominal muscle group is actively engaged during the 
performance of most movements, providing dynamic stabilisation and ensuring efficient force 
production through the limbs (Roetert, 2001). 
Evaluating and comparing results, obtained through the three different test batteries used to 
evaluate functional core muscular endurance (V-sit; one minute sit up abdominal test and 
unilateral bridging), established that both the experimental and comparison groups improved 
their performances for this variable. Although the experimental group performed better in the V-
sit and unilateral bridging test, the comparison group attained higher scores in the one-minute 
abdominal endurance test. 
These disparities could be ascribed to the experimental group performing certain exercises, 
including dynamic unilateral bridging; medicine ball sit-ups; two point kneeling balance, on a 
Swiss ball; and single leg static balance exercises, performed on a bosu ball in the gymnasium. 
The muscle recruitment patterns associated with these exercises are similar to those of the 
aforementioned tests, and could offer an explanation for enhanced performance. The comparison 
group performed conventional sit-up exercises in their training sessions an exercise specific to 
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the movement requirements of the one minute abdominal endurance test utilised in this study 
(Lundt, 2010). Peats et al (2007) contend that a relatively large focus of dojo training is on 
conditioning the abdominal core, in various planes and positions, mimicking the specific 
functional demands encountered during competition or combat. The use of functional core 
training allows martial artists to apply a punch or kick, with the highest impact possible, with 
limited risk of injury to the spine (Jones and Ledford, 2012). Typically, most martial arts 
incorporate enacting seemingly awkward, or unnatural and injury-promoting body positions, 
thereby motivating the need for adequate flexibility and strength in trunk-stabiliser muscle 
groups (Turner, 2009). The latter is significant in preventing the use of the incorrect muscle 
groups; consequently, overworking these muscles results in encouraging poor posture and 
causing poor economy of movement. Pursuant to this, it is considered logical that the 
gymnasium-based training programme include extra, very specific functional core exercises, 
which simulate the multitude of performance requirements, in all planes and positions. 
 
5.4 Hamstring Flexibility  
Results of the sit-and-reach assessment revealed a slight improvement in range of motion, for 
both the experimental and comparison groups. Kendal et al 2005 asserts that the sit-and-reach 
test not only measures range of motion for the hamstring muscle group, but also assesses lower 
back musculature flexibility. Based on this assertion and results from the study, it is assumed that 
both training programmes were effective in enhancing the range of motion of the hip joint, 
pertaining to the hamstring muscle group, in the posterior compartment of the thigh. 
It is noted that a slight decrease in hamstring flexibility was observed in the experimental group, 
utilising the unilateral straight leg raise test. Ratamess (2011) and Kendall et al (2005) maintain 
that dynamic strength training causes the length of the contracting muscle to shorten isotonically, 
when resistance training is performed over a long period of time. Jones and Ledford (2012) 
advocated that martial artists should emphasise regular, more frequent flexibility training, to 
prevent undesirable shortening of muscle tissue and consequently, enhanced predisposition to 
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injury. In order to perform smooth, efficient moves, high kicks, improved acrobatic jumping and 
other specific athletic abilities, adequate flexibility and strength are required (Thoburn, 2002). 
It is, therefore, of paramount importance that instructors or coaches employ a scientifically-based 
approach, for strategising and designing training programmes, with the correct balance of 
strengthening and flexibility exercises, coupled with functional requisites of the sport (Bounty et 
al 2011). An efficient equilibrium between muscular strength and hamstring flexibility allows 
the martial artists to balance and stabilise effectively on a single leg, facilitating the execution of 
effectual high and low kicking techniques with the opposing leg (Cochrane, 2001).  
 
5.5 Muscular Strength  
Participants in both groups demonstrated slight improvements in strength, relative to the upper 
and lower body muscle groups. There were however, no significant differences in the 
development of strength, when comparing the results for this variable between the two groups of 
sub-elite martial artists. Martial artists, who perform movements incorporating throws, grabs and 
the manipulation of an opponent’s body, need above average upper body muscular strength. 
Jones and Ledford (2012) reiterate that, in addition to developing upper body muscular strength, 
grapplers, judoists and capoeira practitioners need a strong base of support, to engender powerful 
kicks and quick leg sweeps in ground, aerial acrobatics and take-downs. Similarly, for those 
martial artists who specialise in kicking and technical foot work, lower body muscular strength is 
an essential component, utilised to execute powerful kicks, coupled with speed of movement in 
avoiding offensive attacks (Turner, 2009). Martial artists who regularly enact more striking 
techniques, for instance karateka, kick boxers and taekwondo practitioners, require considerable 
strength in the lower body, in order to perform powerful kicks, sweeps and evasive manoeuvres 
(Bounty et al 2011). It was noticeable from the descriptive results that the experimental group 
achieved greater gains in lower body muscular strength, relative to the upper body muscular 
strength gains. The latter is probably indicative of the resistance training programme, which 
emphasised lower body strength development more. Laskowski and Suchanowski (2009) 
highlight the importance of gymnasium-based resistance training, as it results in a high threshold 
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for the recruitment of motor units, as well as making provision for optimal strength development 
in the targeted muscles; substantially affecting sport performance when in combat situations. An 
increase in upper and lower body muscular strength can be particularly advantageous to martial 
artists on a sub-elite level, as it serves as a basis for strength development, which produces 
adaptations around major joints, thereby limiting the risk of injury. Furthermore, a subsequent 
increase in lower body muscular strength, would allow for an increase in leg and movement 
speeds of the lower body. This skill allows the development of powerful techniques, whereby the 
martial artist is empowered to react faster, more readily avoiding an attack (Voigt and Klausen, 
1990). 
It should, however, be highlighted that training for a particular style of martial arts needs to be 
specific. The most common error made by martial artists, at a sub-elite level, is relying on weight 
training programmes, not tailored to each individual’s fitness level and thus, not geared to 
enhance their particular style of martial art (Bounty et al, 2011). Training in this manner is not 
without its merits, but done exclusively, over a long period of time, can result in decreased 
performance and even lead to injury.  
 
5.6 Upper Body Muscular Endurance  
Although no significant differences were obtained in the results for upper body muscular 
endurance between the two groups, the experimental group maintained and increased the number 
of repetitions, on average, to a greater extent in the push-up test (four repetitions more at the 
post-test), compared to the comparison group (one repetition more at the post- test). Multi-joint 
resistance exercises, such as the bench press, were included in the gymnasium-based programme. 
The resistance was progressively increased, from 75% of their one repetition maximum, with a 
recovery period of 2 minutes between sets, during the final six weeks of the resistance training 
programme (Coburn and Malek, 2012). The load of the resistance was also incrementally 
increased, every week by 5%. The application of the principle of progression, according to 
ACSM’s and NSCA’s guidelines, appears to be superior in training for upper body muscular 
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endurance. If the sample size had been greater, a significant effect might have been indicated for 
this variable. 
The concept of mechanical specificity, as referred to by Craig and Judge (2009), could also 
provide an explanation as to why the experimental group attained improvements in upper body 
muscular endurance, based on the performance of multi-joint exercises, such as the bench press, 
which targeted the pectorals, deltoids, triceps and muscles surrounding the forearm and wrist. 
Earle and Baechle (2011) demarcate mechanical specificity as referring to training the muscles, 
and movement patterns, at movement speeds specific for the sport. As the dojo training 
comparison group frequently performed push-ups using their own body weight as resistance, 
results indicate maintenance and a slight increase in upper body muscle endurance. Muscular 
endurance is not only demonstrated by martial artists in repeatedly enacted punches, strikes and 
kicks, but also reflected where static muscular contractions are held, in order to establish a stable 
body position, as in guarding and in performing movements to escape from a hold (Turner, 
2009). Muscular endurance is also evident in the performance of a movement sequence, where 
the legs are used as a stable base, together with the maintenance of a low centre of gravity, while 
the upper body executes various punches and blocks. Yim-Chiplis and Talbot (2000) describe 
this static form of muscular strength endurance as being a crucial component of fitness for 
martial artists, and closely related to static balance. 
 
5.7 Static Balance  
From the results, it is clear that both groups made improvements in static balance, irrespective of 
the difference in the training programmes followed over the 12-week period. None of these 
differences were statistically significant, indicating that both interventions were successful in 
enhancing this selected dependent variable. It is noteworthy that the gain in lower body muscular 
strength (in both legs), as specifically made by the experimental group, could have impacted 
upon improvements in static balance. The type of closed kinetic chain exercises, implemented 
within the gymnasium-based resistance training programme (back squat, DB lunges, BB upright 
row, single leg bosu balance and two point kneeling balance), not only enhanced muscular 
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strength in the legs, but also in the stabilising muscles of the pelvis (Prentice, 2004). The forces 
applied in the execution of most the abovementioned exercises are transmitted from the lumber 
hip stabilisation muscle complex, through the lower body, promoting strength development of 
the stabilising muscles responsible for single leg balance (Earle and Baechle, 2011). Lunges 
were performed barefoot, requiring participants to place their feet on a Bosu ball. A Bosu ball is 
a half-moon type ball, rounded on one side, almost gel-like to the touch and flat on the other 
side. The latter was utilised to train participants in progressing from stable to unstable surfaces 
and as an aid to improve balance and functional core strength and endurance (Brukner and Khan, 
2006). 
It can be assumed that conventional martial art programmes in dojos sufficiently address static 
balance training (Thoburn 2002). Proprioceptive training and single legged stances, performed in 
conventional martial art training sessions, closely simulate the single leg stork stand position, 
used for assessment of this fitness component in this study. A similar stance is practiced in kung 
fu, in consort with martial art forms that perform various techniques of kicking (Thoburn, 2002). 
The execution of these movements requires excellent functional core and leg stabilisation, 
together with the ability to maintain balance in a specific stance (Cochrane, 2001). It must be 
noted that all the dojo training occurred barefoot, thereby activating the muscles in the feet, 
resulting in a strong base of support for improved balance (Prentice, 2004; Biscontini, 2008). 
 
5.9 Limitations 
5.9.1 Sample Population 
The main limitation of this study was that the population size was relatively small. Many of the 
participants, who intended to participate in the research, had to attend a maximum number of 
dojo training sessions, in order to qualify to graduate to the next rank of belt, making 
participation in an additional resistance training programme not possible and preventing them 
from participating in the study. A geographical barrier also prevented a number of martial artists 
from committing to the research, as transport was not always readily available. The small sample 
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size influenced the statistical analyses and resultant assumptions made, pertaining to the impact 
of the combined resistance and dojo training programme, as opposed to the conventional dojo 
training programme, on the selected dependent variables of the target group. 
5.9.2 Literature 
Many of the articles sourced for the purpose of formulating the literature review in Chapter 2, 
were either out-dated or written in a foreign language. Evidence of empirical research done on 
martial arts was scanty, which could be attributed to the fact that it is an ancient form of art and 
exercise.  
5.9.3 Variations in Practitioners 
The inclusion of mixed martial artists, as participants, may have impacted on the results, as 
differences exist in the emphasis placed on specific elements practised within the various dojos, 
complicating the homogeneity of the syllabus content comprised in the dojo training sessions. 
This meant that the syllabus content of a specific style (hard or soft), as followed in the various 
dojos, could not have been controlled for by the researcher. 
 
5.10 Recommendations for Future Research 
5.10.1  Sample Population 
Based on aforementioned limitations, the author recommends that future research should select a 
larger population group in determining and contrasting the effects of a combined gymnasium-
based resistance and dojo training programme, with those resulting from an exclusively utilising 
a conventional dojo training programme, for all the selected physical and health-related fitness 
components. 
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5.10.2 Seasonal Factors 
Based on sport scientific knowledge, it is recommended that the martial artist engage in 
resistance training during the off-season, to maximise the effect of strength and conditioning 
training. 
5.10.3 Potential Effects 
Future studies should be done to determine the long-term advantageous and disadvantageous 
effects of gymnasium-based resistance training on the performance of sub-elite martial artists. 
5.10.4 Extra Elements 
Additional anthropometric measures could be introduced, for instance waist-to-hip ratio and 
somatotyping. 
5.10.5 Standardisation 
In future research participants should be categorised according to the style of martial arts being 
practiced, to ensure homogeneity of the exercise repertoire of the participants in the dojo training 
programme. 
5.10.6 Education 
Martial arts instructors should be made aware of the possible value of supplementing dojo 
training, during the off-season with gymnasium–based resistance and functional training, on the 
overall conditioning of their athletes. 
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5.11 Conclusion 
This dissertation set out to explore, describe and compare the impact of a 12-week intervention 
on selected physical fitness variables in sub-elite mixed martial artists. The participants 
performed either a combined bi-weekly gymnasium-based resistance training programme, 
supplementing a biweekly conventional dojo training programme, or, exclusively, four times per 
week, conventional dojo training programme. Due to a small sample size, none of the results for 
the anthropometric measures; functional core endurance; hamstring flexibility; muscular strength 
and endurance, were statistically significant. All of the aforementioned, selected dependent 
variables improved, irrespective of the training programme followed for the 12-week study 
duration. 
Currently, anecdotal evidence and misperceptions exist among martial artists, pertaining to 
engaging in regular gymnasium-based resistance training programmes, scientifically designed 
and tailored to the specific needs of the individual athlete. This demonstrates the need to educate 
dojo instructors, allowing them to be more knowledgeable about the possible contribution of 
resistance training, under qualified supervision, to the overall performance enhancement of a 
martial artist. 
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APPENDIX A: RESEARCH PARAMETERS 
 
8. Projected Timetable for Research 
The following is a guideline schedule, which will be followed as closely as possible. 
STEP NUMBER WORK SCHEDULE DATE 
1 Choice of problem, identifying the problem January &February 2010 
2 Preparation of research proposal and presentation February & March 2010 
3 Present proposal to HMS Department March 2010 
4 Submit proposal to ADC for approval August 2010 
5 Sample selection and pre-testing, formulate literature review Aug & Sep. 2010 
6 Intervention period  September & November 2010  
7 Post-testing End of November 2010 
8 Data analysis and interpretation February & March 2011 
9 Chapter 1 & 2 (Including literature review) February & April 2011 
10 Chapter 3 April & June 2011 
11 Chapter 4 June & August 2011 
12 Chapter 5 August & September 2011 
13 Formulating final treatise October & November 2011 
14 Final hand-in  Beginning of December 2011 
 
xv 
 
9. Projected Budget for Research 
The following is a guideline budget for costs involved in the study: 
Literature Review  R 3 000.00 
Printing  R 2 000.00 
Proofreading  R 1 500.00 
Binding and Copying  R 2 000.00 
Advertisements  R 1 000.00 
Telephonic Expenses - Calls  R 1 000.00 
Transport - Petrol  R 2 500.00 
Equipment  R 3 000.00 
  Total R 16 000.00 
 
Financial aid for this study has been provided by the NMMU Postgraduate Research Scholarship 
and the NRF Prestigious and Equity Scholarship. 
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APPENDIX B: SCREENING QUESTIONNAIRE 
 
SCREENING QUESTIONNAIRE 
Please complete all the sections of this questionnaire and/or mark the appropriate block with an 
‘X’ 
Personal Details 
Name:   
Date of Birth:   (DD/MM/YYYY) 
Tel: (Cell)   (Home)    
Email Address:   
Postal Address:   
   
   
xvii 
 
Health Screening 
 
Do you currently take any medication?   
 
If yes, please indicate the reason why, and the type of medication: 
 
  
Do you have any injury/condition that might affect exercise and exercise testing?  
 
  
 
Exercise-Related Screening 
For how many years have you been practising the martial arts?   
Place an ‘X’ next to the duration you practise per session? 
30min. (1)  
45min. (2)  
60min.(3)  
90min.(4)  
120min. (5)  
150min. (6)  
xviii 
 
Indicate whether you play any other sport or activity. (If yes, please indicate which.) 
Yes (1)  
No (2)  
 
Other:   
 
Fill out the following as accurately as possible: 
Number of sessions per week (1)   
Duration of session in hours (2)  
 
Do you participate in martial art competitions? (If yes, please answer the question below.) 
Yes (1)  
No (2)  
 
In how many martial art competitions do you participate, in a year? 
Less than 3 competitions (1)  
3 to 5 competitions (2)  
5 or more competitions (3)  
xix 
 
Do you train in a gym with gym equipment? 
Yes (1)  
No (2)  
If yes, how often? 
2 per wk (1)  
3 per wk (2)  
4 per wk(3)  
5 per wk(4)  
6 per wk (5)  
7 per wk (6)  
 
If you train in a gym, on which components of fitness do you spend most time? 
Core Stability (1)  
Flexibility (2)  
Muscular Endurance (3)  
Lower Body Muscular Strength (4)  
Balance (5)  
 
How often do you practise conventional dojo training? 
2 per wk (1)  
3 per wk (2)  
4 per wk(3)  
5 per wk(4)  
6 per wk (5)  
7 per wk (6)  
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APPENDIX C: GYM TRAINING SCHEDULE 
12-WEEK GYMNASIUM PROGRAMME 
Warm-Up:   
Cycle or jog: 3min  
 
Rotations: (Clockwise and Anti-Clockwise)  
Wrists 1 x 10  
Elbows  1 x 10  
Neck  1 x 10  
Shoulders 1 x 10  
Trunk/Waist 1 x 10  
Hips  1 x 10  
Knees 1 x 10  
Ankles 1 x 10  
          
Dynamic Stretches:  
Windmills  1 x 20        
Prone Push-Ups  1 x 10        
Forward Lunge  each side - 1 x 8  
High Knees  1 x 20  
         NO. EXERCISE WEEK 1 2 3 4 5 6 
Sets or Repetitions 3x15 3x15 3x12 3x12 3x10 3x10 
1 Back Squat       
2 Bench Press       
3 BB Upright row       
4 Leg Extension       
5 Leg Curls       
6 DB Shoulder Press       
7 DB Lunges       
8 DB Hammer Curls       
9 Overhead Triceps Extensions       
 
NO. EXERCISE WEEK 7 8 9 10 11 12 
Sets or Repetitions 3x8 3x8 3x6 3x6 3x4 3x4 
1 Back Squat       
2 Bench Press       
3 BB Upright Row       
4 Leg Extension       
5 Leg Curls       
6 DB Shoulder Press       
7 DB Lunges       
8 DB Hammer Curls       
xxi 
 
9 Overhead Triceps Extensions       
Abdominal Core Strength Training: 
Medicine Ball Sit-Ups  3 x 12 
Dynamic Lateral Side Bridging  2 x15 
Two Point Kneeling Balance  2 x 1min 
Single Leg Bosu Balance 3 x 30 sec 
  Cool Down: Static Stretches 
Elevator Scapulae Stretch 2 x 30 sec 
Pec Minor Stretch 2 x 30 sec 
Rotator Cuff Stretch 2 x 30 sec 
Supine Trunk Twist 2 x 30 sec 
Butterfly Stretch 2 x 30 sec 
Sitting Astride stretch 2 x 30 sec 
Hurdler Stretch 2 x 30 sec 
Hip Flexor Stretch 2 x 30 sec 
Standing Quadriceps 2 x 30 sec 
Soleus and Calf Stretch 2 x 30 sec 
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APPENDIX D: RECORDING SHEET 
RECORDING SHEET     
Major Physical Characteristics 
       
Number:       
       
Age       
       
Belt Color:       
 PRE-TEST: POST-TEST: 
       Weight       
       
Height       
              
 
Seven Site Skinfold Measures 
         
 PRE-TEST: POST-TEST: 
         
Triceps         
Biceps         
Subscapular         
Suprailiac         
Abdominal         
Mid-Thigh         
Medial Calf         
Sum         
         
      
Functional Core 
         
 PRE-TEST: POST-TEST: 
         
V-sit       
Side Bridging       
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Hamstring Flexibility 
         
 PRE-TEST: POST-TEST: 
         
Sit & Reach       
Straight-Leg Raise - Right       
Straight-Leg Raise - Left       
         
      
Muscular Endurance 
         
 PRE-TEST: POST-TEST: 
         
1 Minute Sit-Ups       
1 Minute Push-Ups       
         
      
Muscular Strength 
         
 PRE-TEST: POST-TEST: 
         
Bench Press Max       
Squat Max       
         
      
Balance 
         
 PRE-TEST: POST-TEST: 
         
Single-Leg Stork Stand       
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APPENDIX E: RECRUITMENT LETTER 
 
 
Dear Participants  
Re: Masters Study in Martial Arts  
 
You are being asked to participate in a research study. We are going to give you information that will help you 
understand, the purpose and aims of the study. This letter will also explain what you will be asked to do during the 
study, the risks and the benefits, and your rights as a participant in this research study. If anything is not clear, please 
feel free to ask the researcher for clarification. 
You have the right to query concerns regarding the study at any time. Immediately report any new problems during 
the study, you the researcher. Telephone numbers and other contact details have been provided. Please feel free to 
access these numbers. 
Furthermore, it is important that you are aware of the fact that the study has been approved by the Human Research 
Ethics Committee (HREC) at the NMM University. This is a group if independent experts whose responsibility is to 
help ensure that the right and welfare of the participants in research are protected and that the study is carried out in 
an ethical manner. You can call the director: Research management at (041- 5044536). 
Participation within the research is completely voluntary. You are not obliged to take part in any research. If you 
choose not to be participating, your present and or future medical care will not be affected in any way and you will 
not incur any penalty and / or loss of benefits to which you may otherwise be entitled. 
If you do partake, you have the right to withdraw at any given time, during the study without penalty or loss of 
benefits. However, if you do withdraw from the study, you should return for the final discussion or examination in 
order to terminate the research in an orderly manner. 
Although your identity will at all times remain confidential, the result of the research study may be presented at a 
scientific conference or in a specialist publication. 
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The nature of the research study that you will be involved in, is an experiment with a group of martial artists. We 
will measure your baseline fitness level through a number of comprehensive and reputable fitness tests. A 12 week 
lower body strength, muscular endurance, flexibility and functional core training program will then be provided to 
you, which you need to comply with throughout the study. Pre- testing will commence early January 2011, and the 
12-week programme will commence thereafter. A follow–up evaluation will be conducted to measure physical 
fitness parameters and their fluctuations. 
The project involves lower body muscular strength; muscular endurance; hamstring flexibility; and functional core 
parameters. The increase in your physical fitness following the exercise program would positively aid in improving 
your martial art performance. 
If you fall to follow instructions, or if your medical condition changed in such a way that the researcher believes that 
it is not in your best interest to continue in this study, or for administrative reasons, your best interest to continue in 
this study, or for any time by the researcher, the sponsor, or the HREC that initially approved it. 
Please feel to contact me at any time. 
Sincerely. 
 
    
Reiner Von der Marwitz 
Student No.: 205049672 
Faculty Human Movement Sciences,  
Nelson Mandela Metropolitan University 
E-mail: s205049672@live.nmmu.ac.za 
Cell Number: 0765631234 
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APPENDIX F: INFORMATION LETTER 
 
Faculty of Health Sciences 
PO Box 77000 
NMMU 6031 
(www.nmmu.ac.za) 
Date: 10/08/2010 
 
Ref: (HO6HH-025) 
Contact Person: Reiner von der Marwitz 
 
Dear Participant, 
You are being asked to participate in a research study. pertaining to martial arts and the effect of 
gymnasium–based resistance training. we will provide you with the necessary information to assist you to 
understand the study and explain what would be expected of you (participant). These guidelines would 
include the risks, benefits, and your rights as a study subject. Please feel free to ask the researcher to 
clarify anything that is not clear to you. 
To participate, it will be required of you to provide a written consent, that will include your signature, 
date and initials to verify that you understand and agree to the conditions. 
You have the right to query concerns regarding the study at any time. Immediately report any new 
problems during the study, to the researcher. Telephone numbers of the researcher are provided below. 
Please feel free to call these numbers. 
It is important that you are aware of the fact that the ethical integrity of the study has been approved by 
the Research Ethics Committee (Human) of the university. The REC-H consists of a group of independent 
experts that has the responsibility to ensure that the rights and welfare of participants in research are 
protected and that studies are conducted in an ethical manner. Studies cannot be conducted without REC-
H’s approval.  
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Queries with regard to your rights as a research subject can be directed to the Research Ethics 
Committee (Human), Department of Research Capacity Development, PO Box 77000, Nelson Mandela 
Metropolitan University, Port Elizabeth, 6031. Tel number: 041 5042538 
If no one could assist you, you may write to: The Chairperson of the Research, Technology and 
Innovation Committee, PO Box 77000, Nelson Mandela Metropolitan University, Port Elizabeth, 6031. 
Participation in research is completely voluntary. You are not obliged to take part in any research. If you 
choose not to participate in medically related research, your present and/or future medical care will not be 
affected in any way and you will incur no penalty and/or loss of benefits to which you may otherwise be 
entitled. 
If you do partake, you have the right to withdraw at any given time, during the study without penalty or 
loss of benefits. However, if you do withdraw from the study, you would be asked to return for a final 
discussion or examination in order to terminate the research in an orderly and ethical manner. 
If you fail to follow instructions, or if your medical condition changes in such a way that the researcher 
believes that it is not in your best interest to continue in this study, or for administrative reasons, your 
participation maybe discontinued. The study may be terminated at any time by the researcher, or the 
Research Ethics Committee (Human).  
Although your identity will at all times remain confidential, the results of the research study may be 
presented at scientific conferences or in specialist publications.  
This informed consent statement has been prepared in compliance with current statutory guidelines. 
Yours sincerely 
 
 
Reiner von der Marwitz 
RESEARCHER 
Contact number: 0765631234 
Email address: s2055049672@live.nmmu.ac.za 
 
 
Signature:_________________    Date:_____________________ 
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APPENDIX G: V-SIT DEPICTION 
 
Assumed v–sit positions, as conducted at the pre-test and post-test assessments 
 
 
 
 
 
 
Figure (A): Ideal v–sit position  
 
 
 
Figure (B): Adjusted v–sit position 
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EDITOR’S CONFIRMATION 
 
I hereby certify that I, K A Saunders, have edited and amended the foregoing document. I have 
used the information supplied by the researcher, so absolve myself from responsibility relative to 
any factual or contextual errors; referencing mistakes or omissions; and any blatant or latent 
plagiarism contained within the text. 
 
KASaunders  
 October 2012 
 
 
Kathryn Saunders 
083 415 2288 
katsaund@gmail.com 
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